A METHOD FOR THE STUDY OF CARDIAC METABOLISM 
AND EFFICIENCY IN THE TOAD, BUFO MARINUS 


by WINIFRED G. NAYLER! and D. McKELVIE 


(From the Baker Medical Research Institute and Alfred Hospital Clinical 
Research Unit, Melbourne). 


( Accepted for publication, 27th February, 1956.) 


Numerous studies have been published on the oxygen uptake of isolated 
cardiac tissue and the effect on this of various drugs. (See for instance Wollen- 
berger, 1947; Tomoda, 1951; Lee, 1953, 1954; Clarke, 1951; Clarke, Gaddy and 
Stewart, 1931). However, there appears to have been no attempt made to 
investigate simultaneously the oxygen uptake, respiratory quotient, rate of beat, 
and the useful external work done by the isolated toad heart. This paper 
describes an apparatus designed to measure all these variables both at the same 
time and repeatedly throughout perfusion. 


METHOD. 


In essence, this preparation consists of a recycling heart enclosed in a modified War- 
burg respiratory chamber with outlets for apparatus to measure oxygen uptake, carbon 
dioxide output, cardiac output and aortic pressure (see Figs. 1, 2 and 3). After pithing 
the toad, a standard recycling heart preparation is set up, with inflow cannula C, in the 
inferior vena cava, and aortic cannulae in the left and right systemic arch. One of these 
eannulae, C, (right) is connected through polythene tubing to an electromanometer, the 
other, C,, to an artificial circulation. To measure only the pressure produced by the ven- 
tricle, without a component due to the velocity of the perfusate, the tube to the mano- 
meter must be perpendicular to the flow in the main circulation. C, (Fig. 1) is therefore 
placed in such a way that the two branches of the aorta are held at right angles to each 
other. At each ventricular contraction, fluid is expelled from the left arterial cannula 
and drops into the reservoir of the venous cannula and back into the heart making the 
complete circuit. A perfusate of the following composition is used: 

NaCl, 6-72 gm./litre; NaHCO,, 1-68 gm./litre; NaH,PO,2H,O, 0-49 gm./litre; 
MgSO,7H,0, 0-35 gm./litre; glucose, 3-00 gm./litre; KCl, 0.24 gm./litre; CaCl,, 0.14 
gm./litre; CO, bubbled through until pH is 7-5. 

This has been shown to correspond more closely to the normal ionic constituents of the 
plasma of Bufo marinus than does normal frog Ringer’s solution (McKenzie, 1953). Paraf- 
fin sections prepared from a normal perfused heart showed little indication of oedema. 

The modified Warburg respiratory vessel constructed to enclose the recycling heart, 
consists of a perspex chamber which can be connected to a standard Warburg manometer. 
The main design features of the chamber can be seen from diagrams in Figs. 1, 2. The 
assembly has a total volume of 220 ml. 





1 The expenses of this investigation were defrayed by a grant from the Life Insurance 
Medical Research Fund of Australia and New Zealand. 
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Fig. 2. Section of upper compartment (SS’ 
in Fig. 1). P, vibrator; R, reservoir; V, 
equilibrating duct with two polythene En 
passing to lower chamber; W, electrodes for 
measuring conductivity; Z, electromagnet for 
vibrating P. 


























Fig. 1. Diagram section of modified Warburg chamber (not showing side arms). A, 
upper compartment; B, lower compartment; C;, C2, Cs, cannulae (see text); D, one of two 
drop-counting electrodes; H, heart; P, vibrator for KOH solution; R, inflow reservoir; T, 
screw top; SS’ is position of section shown in Fig. 2; W, electrodes for measuring conduc- 
tivity; X, measuring point (see text). 


A and B are two communicating compartments which are screwed together; an air 
duct, V, allows pressures between them to equilibrate. The lower compartment, B, serves 
merely to accommodate the heart, the artificial circulation and inflow reservoir, R, being 
located in A where it is assumed that gaseous exchange occurs during the drop phase of 
the circulation. A has a screw top, T, which may be connected to a standard Warburg 
manometer. 

Two platinum wires, D, introduced through the wall of A are mounted directly above 
the input reservoir R in the path of the perfusate drops. The drops falling across the wires 
momentarily complete an electrical circuit, producing impulses which are amplified and 
recorded on a repetition counter and a “Brush” direct inking oscillograph (Fig. 4). This 
enables the approximate volume of perfusate expelled by the heart to be calculated. The 
pressure tracing from the electromanometer is written simultaneously with the drop record. 

The floor of compartment A is covered with 10 ml. M/10 potassium hydroxide solution. 
Two platinum electrodes, W, introduced through the walls on opposite sides of the chamber 
are fixed into the potassium hydroxide solution. The carbon dioxide produced by the heart 
during metabolism is absorbed by the potassium hydroxide, thus faster moving OH ions 
in the solution are replaced by slower CO, ions resulting in an increase in the solution 
resistance. The resistance of the solution between the two electrodes is measured in an 
A.C. bridge circuit using a cathode ray oscilloscope as null point indicator (Hazeldine and 
Woolf, 1950). The system was calibrated using 10 ml. of solutions containing varied known 
proportions of potassium hydroxide and potassium carbonate (Clarke, Gaddy and Stewart, 
1931). Readings are accurate to + 20 yl CO,. 

Since the normal Warburg procedure of rapid vibration is not possible with this pre- 
paration because of the risk of spilling the perfusate, a large surface of potassium hydroxide 
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was found to be necessary in order to ensure 
complete and rapid absorption of the carbon 
dioxide. Moreover, since a film of potassium 
carbonate tends to form at the surface of the 
potassium hydroxide, an agitator, P, in the form 
of an inverted T made from soft iron coated 
with polyvinyl chloride, has been suspended 
into the potassium hydroxide solution 4-inch 
from the wall of the vessel. This agitator is 
vibrated from outside the Warburg vessel by 
means of a waterproofed electromagnet, Z, op- 
erating from 40 volts A.C. 

Since the potassium hydroxide absorbs all 
the carbon dioxide produced, the volume of 
oxygen utilised for metabolism can be read 





from the change in pressure within the closed 
vessel as indicated by the change of level of 
fluid in the manometer. 

Two polythene tubes with an inner diameter 
of 1-5 mm., leave the bottom chamber B via 
the air duct V and are taken through the wall 
of the chamber A through a side arm (not 
shown in the diagrams). This arm consists of 
a drilled perspex rod, cemented to the cham- 





ber at one end and having a rubber gland at 
the other. Each polythene tube has a No. 
16 hypodermic needle inserted into it at the 
end outside the vessel. A cap is placed on 
the needle mount when the tube is not in 
use. One of these tubes is used to introduce 





the oxygen into the vessel. The pressure pulse 

from the right aorta is transmitted to the Fig. 3. Photograph of compartment 
electromanometer through the second tube. A with heart in situ, attached to mano- 
meter (Compartment B removed to show 
heart). Note side arm, mentioned in 
text, used to add drugs. 


Fig. 5 shows how the various pieces of equip- 
ment are connected. 


When a drug is being investigated, it is added, 
DROPS ee Ce ae citi 
in solution and at 25°C., at any stage during 





ee ee eee the perfusion without interrupting the continu- 

ous observations being made. This is done by 
300 AORTIC PRESSURE previously placing the drug in a perspex cup 
290} [ \ / [ / (not shown in the diagram) mounted above the 
ror \ { ae | Ly reservoir R. This cup can be tipped over to 
“0 yea SEC release the drug into the reservoir by turning a 


spindle sealed through the wall with a rubber 

’ ; : gland similar to that used to introduce the poly- 

record tracing. Calibrations on pres- hes then ee ts le nah deateal 

sure tracing ia mm. of water. (1 rene tubes through the side arm and describe 
mm. of water = 98 dynes/cm.’. ) above (see Fig. 3). 


Fig. 4. Typical oe and drop 
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Fig. 5. 


Mode of Operation. 

The respiratory vessel enclosing the 
recycling heart preparation and _ at- 
tached to the Warburg manometer, 
is placed in an agitated, thermostatic- 
ally-controlled, water bath at 25-0°C. 
+ 0-05°C. Connection is made to 
the measuring apparatus and oxygen 
at 25°C., and saturated with water 
vapour, is passed through the vessel 
for 10 minutes through the side arm 
tube. The oxygen is disconnected, 
the Warburg manometer tap closed 
and the system allowed 30 minutes to 
reach temperature equilibrium with 
the bath. Thus readings are normally 
commenced one hour after pithing 
the toad. 


Schematic block diagram of me 


sasuring and recording apparatus 
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30 or 60 minutes) (see text). 


Arrow denotes addition of a drug. 
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The conductivity changes and O. pressures within the vessel are normally 
read at 15-minute intervals. The simultaneous ink record (see Fig. 4) of 
pressure pulse and drop group is recorded for approximately 20 seconds at 15 
minute intervals. Immediately after each pressure recording is taken a pressure 
calibration is made in order to reduce any error due to drift in the direct coupled 
amplifier of the electromanometer. 


Useful External Work. 


An expression for the calculation of useful external work can be derived 
frcm Bernoulli's equation. This is, in effect, the application of the principle 
of the conservation of energy to streamline, non-viscous flow of a liquid in a 
tube. The Bernoulli equation can be written as: 

E= P+-egh+4es* 

where E = energy per unit volume of liquid; ¢ = density of liquid; s = velocity 
of liquid; P = pressure; h= height above a datum; g= acceleration due to 
gravity. E, P, s and h are all measured at one point in the tube. Integrating 
both sides of the equation with respect to volume gives the energy possessed 
by the total volume of liquid. If the liquid initially has no energy this integral 
represents the work done on the liquid. Assuming streamline, non-viscous flow 
in the heart preparation, an expression for the useful work done by the ventricle 
can be obtained by integrating the above equation between the limits of zero 
and Q, where Q is the stroke volume calculated from the number of drops 
ejected during the beat, multiplied by the average volume of a drop. The 
perfusate in the relaxed ventricle is assumed to have no stored energy. 


Q 
Thus w= [par veoh f ave [sav 
0 0 0 


In the preparation P (in dynes/cm.*) and s (in cm./sec.) are measured at 
the point X, at the branch of the systemic arch, so h (in cm.) is the height of 
this point above the ventricle. The three terms on the right of the equation 
are seen to be in the form of pressure energy, potential energy and kinetic 
energy respectively, each measured in ergs. 


Computation. 


The potential energy term reduces to eghQ and can be evaluated by multi- 
plication. The other two integrals may be approximated graphically as follows: 

(a) Pressure energy: A pressure-time and a volume-time curve are drawn 
from the data on the oscillograph record (Fig. 4) and a pressure-volume curve 
derived from them. The area beneath the latter curve is measured using a 
planimeter and the pressure energy obtained by multiplying this area by a 
scale factor calculated from the drop volume and the pressure calibration taken 
after each recording. 
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(b) Kinetic energy: The velocity s of a liquid at any point in a tube 


‘ ; I 
(assuming streamline flow) is s= : where a is the cross-sectional area of the 


dt 


d 
tube at the point and —- is the rate of change of volume passing through the 


area. So kinetic energy = se [sav - = R-5 ay bad )’ dV 
0 


This can be evaluated graphically if put into the approximately equal form 


teael (Zn) 


where Jt is a small finite time interval and AV the volume passing through 
area aintime At. We have chosen At = 0-1 sec., a is the area of cross-section 
of the aorta at X (the diameter here is taken to be the diameter of the outside 
of the tip of the outflow cannula). 4V for each 0-1 sec. interval is obtained 
from the volume-time curve. (4V)° is then plotted against V, the total volume 
ejected from the beginning of the beat up till the time at the midpoint of the 
particular time interval. The area under the curve is measured and the esti- 


r 


mate of the kinetic energy = $¢|°s*dV_ is obtained by “een the area by 


“0 





. . ; . @ 
a constant which is made up of a scale factor, :- = and 


as 
The accuracy of the above methods of cideadttien is limited because the 
volume-time curve is obtained from the discontinuous drop record. However, 


TABLE 1. 





Drops Beats Max. Work K.E. 


Time O, uptake R.Q. beat min. Press. min. min. Output 
0940 Toad pithed 
1155 2-8 62 170 
1210 46-0 2-8 60 165 244 10-3 153 
1225 51 0-97 2-8 59 165 156 
1240 51 2-8 60 165 218 10-7 158 
1255 52 0-98 2-8 60 165 236 10-7 150 
1310 52 2-5 150 
1355 51 0-98 
1410 50 2:5 61 160 213 10-1 144 
1425 51 0-97 2-5 62 160 141 
1440 51 2-5 62 160 213 7-5 145 
1455 51 0-97 2-4 61 160 146 
1510 51 2-3 62 160 205 7-1 146 
1525 51 0-96 2-3 62 | 160 | 142 
1540 51 2-2 60 | 155 170 | 8-8 142 
1555 51 0-97 2-2 60 155 134 
1610 50-5 2-0 60 150 167 7-6 | 130 
1625 51 2-0 60 145 | 102 


| | | 
| | 





Fresh weight heart 0-2720 gm. 

O, uptake in pl/min/gm fresh weight 

R/Q: respiratory quotient calculated over 30 min. intervals. 
K.E./min. and work/min. in gm-cm. 

Output: drops/min. 
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the results obtained are significantly different from those obtained using mean 
pressure and velocity. 

The method of calculation is based upon the one used by Katz (1932) who 
reported the possibility of large errors due to the use of means. 

Table 1 includes the values obtained for total work and kinetic energy 
per minute (the value per beat multiplied by the heart rate) at thirty-minute 
intervals during perfusion of a typical preparation. All values have been given 
in gm.-cm. units which are obtained by dividing the results calculated above 
by g. (= 980 cm./sec.”). 


DISCUSSION. 


The apparatus described above has been used satisfactorily in a series of 
twenty-four experiments. Oxygen consumption, carbon dioxide output and 
useful external work done by the spontaneously beating heart have been calcu- 
lated over periods extending up to 6 hours. The results for a typical 4-hour 
period are shown in Table 1. In this case no drug has been added to the 
perfusate. 

Some discussion has arisen concerning the validity of the respiratory 
quotients observed in studies on an intact organ in view of statements that 
satisfactory gaseous exchange does not occur in tissue slices of thickness 
greater than 1-2 mm. (Lee, 1953). However, in this preparation we are not 
relying solely upon simple diffusion to produce gaseous exchange. The con- 
tractions of the myocardium (50/min.) and the circulation of the perfusate 
will assist in diffusion of gases across the spongy wall of myocardium. In vivo 
the toad heart is without any coronary circulation so that diffusion, aided by 
myocardial contractions and passage of blood through the auricular and ventri- 
cular cavities, must permit adequate gaseous exchange to take place. 

We have departed from Warburg’s technique in that changes in oxygen 
and carbon dioxide volumes have been read at 15-minute intervals in the 
belief that the longer time period will reduce the significance of any lag in 
diffusion which may occur. Fig. 6 shows the respiratory quotient values in 
three different experiments, calculated over 15, 30 and 60-minute intervals. 
There is no significant difference between the curves in any one preparation, 
indicating that the respiratory quotients calculated over the 15-minute time 
interval are valid. 

In this preparation the heart is slightly distended when compared with the 
heart in vivo. Most of this distension occurs when the pericardium is removed 
during dissection. Removal of the heart with a functionally intact pericardium 
has been found to be too difficult. Experiments carried out to investigate the 
effect of the pressure head above the auricle, indicate that whilst a reduction 
of the head does affect the efficiency of filling, there is little alteration in the 
distension. Care must be taken in setting up the preparation that the heart is 
not distended when flushing out with perfusate. 
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SUMMARY. 


A preparation for the study of the metabolism and mechanical efficiency 
of the intact perfused toad heart is described. The method used is an adaptation 
of the Warburg method for tissue slices with modifications and additions made 
possible by using an intact organ. Oxygen consumption and carbon dioxide 
output can be measured, and an estimate of work done can be made, over any 
interval during the experiment. 


Acknowledgments. We wish to thank Dr. T. E. Lowe and Dr. G. A. Bentley for their 
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the preliminary experiments of this study. 
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THE ACTION OF ADRENALINE AND NORADRENALINE ON 
THE ISOLATED TOAD HEART 


By WINIFRED G. NAYLER! 


(From the Baker Medical Research Institute and Alfred Hospital Clinical 
Research Unit, Melbourne). 


(Accepted for publication 16th April, 1956.) 


Although numerous studies have been made on the cardiac action of the 
two sympathomimetic amines, adrenaline and noradrenaline, the basic physio- 
logical and metabolic changes inherent in the positive inotropic response they 
produce remain obscure (Lee, 1953; Goldenberg, 1948; West, 1947; McMichael 
and Sharpey Schafer, 1944; Garb, 1950). 

The present investigation involved the study of simultaneous changes in 
oxidative metabolism, efficiency, and useful work done by the spontaneously 
beating isolated toad heart accompanying the administration of these two 
amines. The isolated heart provided a suitable preparation for this study, since 
it lacks both neuronal reflexes and humoral influences. 


METHOp. 


Hearts from non-hibernating male and female toads of the species Bufo marinus were 
used. 

The experimental procedure, perfusion fluid and perfusion apparatus previously de- 
scribed (Nayler & McKelvie, 1956) were used for simultaneous observations of oxygen up- 
take, carbon dioxide production, maximum aortic pressure, beats per minute and drops per 
beat of the isolated heart. From these observations the external work done by the heart 
and respiratory quotients were calculated as before. All the experiments were performed 
at 25°C. (+0-05°). 

In a series of six control experiments using the standard perfusate, observations were 
made on the rate of oxygen consumption and carbon dioxide production, the number of 
drops per beat and beats per minute, and the maximum aortic pressure at fifteen minute 
intervals over a period of four hours. From these results the respiratory quotient values, 
the useful work done and the efficiency of the heart were calculated during this four-hour 
period. 

In six experiments 0-2 pg. adrenaline, and in four experiments 0-05 yg. adrenaline were 
added to the perfusion fluid (final concentrations of 4 X 10-8 and 1 X 10-8 respectively). 
In six experiments 0-5 pg. nor-adrenaline was added to the perfusate (final concentration 
1 x 10-7). Solutions of adrenaline (as base adrenaline B.P.) and noradrenaline (as nor- 
adrenaline bitartrate) were prepared in the standard perfusion fluid to which ascorbic acid 





1 The expenses of this investigation were defrayed by a grant from the Life Insurance 
Medical Research Fund of Australia and New Zealand. 
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(1: 1000) had been added so that the decomposition of the amines in the atmosphere of 
100 p.c. oxygen would be retarded. 


In those experiments in which the action of the amines was being studied observations 
were made on the preparation at fifteen minute intervals for periods of not less than one 
hour prior to the addition of the drug to the perfusate. All experiments were performed 
during the four-hour stable period indicated in the control series. The maximum aortic 
pressure, drops per beat and beats per minute were observed two minutes after adminis- 
tration of the drug and thence, together with observations of the rate of oxygen uptake 
and carbon dioxide output, at five-minute intervals during the subsequent twenty minutes. 
Observations at fifteen-minute intervals were then resumed. From the data so obtained the 
respiratory quotient values, useful external work done and the efficiency of the heart were 
calculated both before and after the addition of the drug to the perfusate. 


RESULTS. 


Control Experiment Fig. 1 A-G presents a summary of observations made 
in the control series. Readings were made at fifteen-minute intervals. 


It is evident that, whilst some variability does occur between preparations, 
all preparations appear to follow a uniform pattern of behaviour during this 
four-hour period. 

The rate of oxygen consumption (QO) remained fairly constant, the 
maximum spontaneous change recorded being an increase of 3 micro-litres 
per minute per gm. fresh weight (Fig. 1 A), an increase of 6 p.c. The oxygen 
uptake here is expressed in micro-litres per minute per gram fresh weight. 

Only small fluctuations in respiratory quotient values were recorded (Fig. 
1B). It was noted that the variation between preparations was small 
(0-91-0-98). 

A slow, steady decline in maximum aortic pressure, drops per beat and 
useful work done by the heart over this period is shown in Figs. 1 C, D, F 
respectively. The number of beats per minute showed some variation, a gradual 
fall being recorded in some experiments after three hours (Fig. 1E). This 
variation was small and could readily be distinguished from any change in the 
number of beats per minute produced by the amines (see Figs. 2E, 3E). 

A gradual decline in efficiency throughout perfusion was noted in all pre- 
parations (Fig. 1G). 


Adrenaline. 


The action of adrenaline on the isolated heart used in this study is sum- 
marised in Fig. 2A-G. At the arrow, adrenaline in the concentration indicated 
was added to the perfusion system. An immediate response in the preparation 
was always noted, there being a simultaneous increase in oxygen consumption, 
respiratory quotient, maximum aortic pressure, number of beats per minute and 
in the total work done by the heart. The number of drops per beat was 
diminished except in one preparation when a slight increase was recorded. 
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Fig. 1. Control Series. 
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Fig. 1 A. Oxygen consumption expressed in 














micro-litres per minute per am fresh 

weight. Observations made at fifteen-minute 

intervals during the four hours. 

z 

w 

8 100; T T T T T 7 T T 

5 —<—e ae 

7 Ochre eases “. 7 4 

P wate tn Oe 

& es > seg 

w 030 s 4 s 4 4 i i. 

~ * 2a @& 99 120 S$ 6 7 40 2” 
S TIME (MINUTES) 


Fig. 1B. Respiratory quotient values cal- 
— at half-hourly intervals during the four 
ours. 
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Fig. 1C. Maximum aortic pressure exz- 
pressed in mm. of water. 
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Fig. 1D. Number of drops per beat ob- 
served at fifteen-minute intervals. 
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Fig. 1E. Beats per minute recorded at 
fteen-minute intervals. 
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Fig. 1F. Useful work done by the heart, 
expressed in gm. cm. per minute over the four- 
hour period. Calculations made at thirty- 
minute intervals. 





= 
a. 
T 


PERCENTAGE EFFICIENCY 
o J 





ee eee ee 


ed 








0 R A a 1 " . 
t) w 63 90 120 150 120 230 uO 770 
6 TIME (MINUTE S) 


Fig. 1G. Efficiency of the heart, calculated 
at thirty-minute intervals. 
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In Fig. 2A it is noted that adrenaline at both concentrations produced 
an immediate increase in QO2, which reached a maximum in 2-5 minutes. QO, 
then began to decline and reached its original level within forty minutes. 0-2 
ug. adrenaline produced a maximum increase of 85-125 p.c. in oxygen consump- 
tion (the results are expressed as percentage change in oxygen uptake). 


Coincident with the increase in QO, a rise in respiratory quotient value 
was always observed—Fig. 2B. This increased value was evident within 
five minutes. 


The increase in maximum aortic pressure expressed in Fig. 2C reveals 
a similar time relationship to that observed in Fig. 2A. The maximum increase 
is reached 2-5 minutes after addition of the drug and is followed by a gradual 
return to normal. The increase in aortic pressure evoked by 0-2 ug. adrena- 
line exceeded that produced by 0-05 ug. adrenaline and is manifested over 
a more prolonged time period. 


Both concentrations of adrenaline produced a similar increase in the 
number of beats per minute, the maximum increase again being evident 2-5 
minutes after the addition of the drug and showing a gradual return to normal 
within forty minutes (Fig. 2E). 

Fig. 2F displays the increase in work done by the heart following the 
administration of the amine. Comparison with Fig. 2A indicates that the 
increased work output follows a similar time course to that observed in the 
change in oxygen consumption. 


An increase in efficiency has been noted in all preparations (Fig. 2G). 
This increased efficiency occurred over a short time interval and in some ex- 
periments was followed by a fall. 


Essentially the same results were obtained with both concentrations of 
adrenaline. 


Noradrenaline. 


The effect of noradrenaline on the preparation is shown in Fig. 3 A-G. 
At the arrow, 0-5 ug. of noradrenaline was added to the perfusion system (final 
concentration 1 xX 10-7). Comparison of these results with results obtained in 
the study of the action of adrenaline (Figs. 2A-G) reveals some similarities 
in the pattern of response produced by both amines. An immediate increase in 
QO, was recorded following administration of noradrenaline with a secondary 
increase following in some experiments after a period of 10 minutes had elapsed 
(Fig. 3A) (the oxygen uptake is expressed as the percentage increase). Con- 
currently, an increase in respiratory quotient, maximum aortic pressure, total 
work output and number of beats per minute was recorded (Figs. 3 B, C, E, F). 
Unlike adrenaline, noradrenaline produced an increase in the number of drops 
per beat (Fig. 3D) and a fall in efficiency (Fig. 3G). 
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Fig. 2. Adrenaline Series. 
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Fig. 2A. Effect of 0-2 wg. adrenaline 
(final concentration 4 X 10-8) and 0-05 ung. 
adrenaline (final concentration 1 X 10-8) on 
the oxygen consumption. The change in QO: 
is expressed as percentage increase. 
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Fig. 2B. Effect of 0-2 wg. adrenaline (final 
concentration 4 X 10-8) and 0-05 wg. adrena- 
line (final concentration 1 X 10-8) on the res- 
piratory quotient values. 
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Fig. 2D. Effect of 0-2 wg. adrenaline 
(final concentration 4 X 10-8) and 0-05 ug. 
adrenaline (final concentration 1 X 10-8) on 
the number of drops per beat. 
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Fig. 2F. Effect of adrenaline on the useful 
work done by the heart—for dose levels see 
Table 2 
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Fig. 2E. Effect of 0-2 pg. adrenaline 
(final concentration 4 X 10-8) and 0-05 ng. 
adrenaline (final concentration 1 X 10-8) on 
the number of beats per minute. 
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Fig. 2G. Effect of adrenaline on the effi- 
ciency of the heart in this preparation—for 
dose levels see Table 2. 
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Fig. 3. Noradrenaline Series. 
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DISCUSSION. 


The results reported in the control series clearly indicate the suitability 
of this preparation for the study of cardiac metabolism and efficiency in rela- 
tion to the action of a specific drug. Tomoda (1951) observed a similar con- 
stant rate of oxygen consumption and cardiac output extending over this period 
of observation. 

Whilst the efficiency figures reported are low they are in agreement with 
those reported from numerous studies based on heart lung preparations (Wol- 
lenberger, 1949). 

Lee (1953) using cat papillary muscle observed a simultaneous increase in 
oxygen consumption and force of contraction immediately following the ad- 
ministration of both amines. Herrmann, Flamboe and Chen (1954) failed to 
detect any respiratory stimulation of cat heart slices in the presence of adrena- 
line. The observations reported here are in close agreement with those of 
Lee, both amines having produced a simultaneous and immediate increase in 
oxygen consumption, maximum aortic pressure and useful work output. 

It is interesting to note that both drugs produced a similar increase in 
respiratory quotient values. Whereas the increased oxygen consumption may 
simply be the result of increased work (Lee, 1954), the change in respiratory 
quotient probably means that both amines bring about a similar change in 
carbohydrate metabolism so that the respiratory quotient approaches unity. 

These results also suggest that, whilst both amines produce similar changes 
in oxidative metabolism, reflected in both the increased oxygen consumption 
and changed respiratory quotient, they differ in the change in the physical 
work which they produce. The fall in the number of drops/beat recorded with 











ee 











ee SEES, Soa e 














CARDIAC METABOLISM. II. AMINES 255 


adrenaline suggests that this amine may produce a decrease in diastolic volume. 
The reverse is indicated in the experiments using noradrenaline. 

Since adrenaline produced an increase in efficiency of the preparation, and 
noradrenaline a fall in efficiency, the action of adrenaline on the beating 
isolated heart is not identical with that of noradrenaline. Both amines do, 
however, produce a marked increase in the useful external work done by the 
heart. 


SUMMARY. 


The previously described method using the recycling toad heart prepara- 
tion for the study of oxidative metabolism and work done by the spontaneously 
beating toad heart has been used to investigate the action of adrenaline and 
noradrenaline on the heart. 

Both amines produced an immediate and simultaneous increase in oxygen 
consumption, total useful work, maximum aortic pressure and number of beats 
per minute. Adrenaline produced a fall in the number of drops per beat; nor- 
adrenaline an increase. 

Both amines produced an increase in respiratory quotient values reflecting 
increased carbohydrate metabolism. 

An increase in efficiency was recorded following administration of adrena- 
line; no such increase was recorded following the administration of noradrena- 
line. 
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A MICRO METHOD FOR THE DETERMINATION OF 
COMPLEMENT 


by RALPH READER 
(From the Department of Medicine, University of Sydney.) 


(Accepted for publication 2nd March, 1956.) 


In small animals, blood for complement estimation is usually obtained by 
cardiac puncture or bleeding from an ear vein. With either method the animal 
loses 0-5 to 1-0 ml. of blood and neither method is entirely satisfactory. Cardiac 
puncture is not always successful and involves a risk to the animal. Bleeding 
of this amount from an ear vein is time-consuming and in some cases, especially 
in the presence of anaemia, it may not be possible to obtain sufficient blood. 
Repeated bleedings by these methods may also induce anaemia. 

Seltzer et al. (1952), investigating the removal of guinea pig complement 
in vivo, and Simonsen (1950), investigating complement changes in guinea pigs 
in response to anaphylactic shock and cortisone administration, both obtained 
blood by cardiac puncture. In both cases, observations could have been made 
more easily and with greater frequency if a micro method had been available. 

The following method is simple, convenient and reliable. Tests can be 
made, if required, at intervals of one hour or less. Fifty c.mm. of blood from 
the ear of a guinea pig or 100 c.mm. from the tail of a rat are required. In 
humans 100 c.mm. of blood, by finger prick, are sufficient. 

The method involves two departures from the usual complement titration. 
Firstly, by taking whole blood and making a measured dilution then removing 
the red cells, the wastage of blood involved in the clotting process and collec- 
tion of serum is avoided. 

Secondly, a smaller quantity of sheep red cells is used in each tube. This 
has the advantage that smaller amounts of serum are required to produce 
haemolysis of 50 p.c. of the cells and normal titres will be higher (300 for 
humans compared with the usual figure of 30 to 60). This higher normal 
range also allows of greater sensitivity in measuring fall of complement. 


METHOop. 


In the guinea pig, the ear is shaved and a nick is made through a superficial vein. 
The resulting drop of blood is drawn into an opsonic pipette up to the 50 cubic millimetre 
mark, and transferred to a test tube containing 5 ml. of isotonic veronal buffer. Appro- 
priate dilutions for rats and humans are shown in Table 1. If there is to be any delay in 
titration the diluted blood should be kept at ice temperature. A second drop of blood 
(20 c.mm.) is taken for haemoglobin estimation. 


Austral. J. exp. Biol. (1956), 34, pp. 257-262. 
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TABLE 1. 


Suitable dilutions for complement titration using whole blood or serum. These amounts cover the 
normal range. 

















Micro Method Macro Method 
Whole Blood Serum 
Volume of diluted plasma in Volume of diluted serum in 
titration tubes ml. titration tubes ml. 
Original Original 
Dilution (The absolute volume of | Dilution (The absolute volume of 
blood is shown in paren- serum is shown in paren- 
theses) theses) 
50 c.mm. in -33 -25 -20 -17 -14 50 c.mm. in *33 -25 -20 -17 -14 
5 ml. 10 ml. 
Guinea : = £.3 g t 1 1 1 
ve aaananae) Gamemmanccan 
300 400 500 600 700 600 800 1000 1200 1400 
100 c.mm. “7 -& -4 -3 -235 -2 100 c.mm. “7 +5 -4 -3 -25 -2 
in 5 ml. in 10 ml. 
Rats (-— —- =) = _) 
70 100 125 160 200 250 (== 200 250 320 400 500 
100 c.mm. “7 +56 -4 -3 -25 -2 100 c.mm. “7 -5& -4 -3 -25 -2 
in 5 ml. in 10 ml. 
Humans (~~ _) (—- — — — —) 
70 100 125 160 200 250 140 200 250 320 400 500 

















The diluting solution is a veronal buffer (Mayer et al., 1946) to which magnesium 
chloride is added to a concentration of 20 wg. of magnesium ion per ml. 


The diluted blood is centrifuged at 2,500 revolutions per minute for 3 minutes to 
separate the red cells. The supernatant fluid, containing the complement, is titrated for 
complement activity. Appropriate dilution quantities are shown in Table 1. 


In each titration tube 0-5 ml. of a suspension of sheep’s cells, sensitised with rabbit 
serum haemolysin is used. The total volume of fluid in each tube is finally made up to 
2 ml. 


The red cell suspension is standardised so that if complementary activity produces com- 
plete haemolysis in the 2 ml. the haemoglobin concentration thus produced gives a reading 
of 100 p.c. in a M.R.C. grey wedge photometer. Haemolysis of half the cells gives a 
reading of 50 p.c., and so on. 


In practice, the red cell suspension contains -00148 gm. of haemoglobin (50 x 10° RBCs) 
in 0-5 ml. It is prepared by adding 0-25 ml. of packed cells to 20 ml. of diluent. 0-5 ml. 
of this suspension is added to 1-5 ml. 0-4 p.c. NH.OH solution and the haemoglobin con- 
centration estimated in the photometer. A reading of the order of 130 p.c. is usually 
obtained and a proportionate dilution of the red cell suspension [130/100 x 20 —-20=6 ml., 
therefore add 6 ml. of diluent] is made so that a further sample of 0-5 ml. diluted to 2 ml. 
gives a reading of 100 p.c. on the photometer. To the standardised suspension 5 M.H.D. 
of haemolysin per 0-5 ml. are added. 
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The tubes are incubated at 37°C. for 30 minutes and then centrifuged. Haemolysis is 
estimated by determining the haemoglobin concentration in the supernatant fluid, using a 
M.R.C. grey wedge photometer. 

The percentage haemolysis is plotted against the volume of blood in each tube and 
the amount of whole blood producing 50 p.c. haemolysis determined by interpolation. 
The whole blood complement value is converted to the plasma or serum value from the 
haematocrit reading. The complement value is expressed as the reciprocal of the volume 
of plasma giving 50 p.c. haemolysis. In practice the haematocrit value is calculated from 
the haemoglobin concentration, reckoning 100 p.c. haemoglobin as 45 p.c. haematocrit. In 
the present investigations to test the validity of the micro method the haematocrit was 
determined by a micro method (Watson, G. M., personal communication). A thick-walled 
capillary tube 8 cm. long, sealed at the bottom and expanded to a small funnel at the top, 
was used. A drop of heparin was placed in the funnel and evaporated. A drop of blood 
was added and mixed with the dried heparin. The tube was then centrifuged and the 
column of cells and column of cells plus plasma measured. The results, in duplicate for 
each sample, are shown in the Tables and also the haematocrit calculated from the haemo- 
globin. The latter was used for complement calculations. 


Comparison of Results by Micro and Macro Methods. 


To test the validity of the micro method the results obtained in a series 
of guinea pigs, rats and humans were compared with the results obtained by 
the usual method on serum from clotted blood. The micro and macro methods 
were each done in duplicate. 


After taking blood for the micro method, 0-5 to 1 ml. of blood for the 
macro method was taken from the jugular vein through a small incision in the 
neck, the animal being anaesthetised with ether. After clotting, dilutions of 
serum were prepared (see Table 1). The results are given in Tables 2, 3 and 4. 


TABLE 2. 
Complement by micro and macro methods in rats. Observations in duplicate. 





Complement Titre 
Haematocrit 
Haemoglobin} Haematocrit aa 

No. 14-8 gm. calculated method % Micro method a Differ. 














% = 100%) from Hb. ence 
° 
% 
a b a b |Mean| a b |Mean yA 
1 103 46 45 47 | 220 | 218 | 219 | 209 | 225 | 217 +1 
2 72 32 29 30 | 160 | 163 | 162 | 168 | 175 | 172 —4 
3 96 43 44 43 | 217 | 217 | 217 | 209 | 212} 210) +3 
+ 98 44 43 44 | 314 | 314 | 314 | 328 | 322 | 325| -3 
5 77 35 35 34 | 295 | 295 | 295 | 310 | 363 | 336 | —12 
6 99 45 42 42 | 216 | 216 | 216 | 217 | 238 | 227 —5 
7 107 48 47 49 | 307 | 292 | 300 | 300 | 294 | 297 +1 
8 86 39 39 39 | 190 | 185 | 188 | 189 | 186 | 188 0 
9 106 48 48 48 | 294 | 277 | 280 | 233 | 256 | 245; +14 
0 


a 


237 253 
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TABLE 3. 
Complement by micro and macro methods in normal human subjects. Observations in duplicate. : 
‘ 
Haematocrit Complement Titre 3 
micro i" 
Haemoglobin| Haematocrit|  ™method i 
Sub-| 14-8 gm. calculated % Micro method Macro method | Differ- 
ject | % = 100% | from Hb. ence | 
% 
j 
8 b a b |Mean| a b |Mean| % : 
D.F. 101 45 46 44 | 140 | 144 142 | 125 | 125 | 125 +13 
R.R. 105 47 44 43 | 200 | 218 | 209 | 199 | 200 | 200; +4 
D.W. 90 41 42 44 | 261 | 261 | 261 | 233 | 233 | 233 +12 
W.G. 110 49 48 50 206 | 206 | 206 | 228 | 219 | 222 —8 
F.K. 95 43 42 42 228 | 210 | 217 | 285 | 278 | 280 —22 
C.K. 103 46 43 44 280 | 294 | 287 | 294 | 294 | 294 —2 : 
R.R. 104 46 47 47 | 204 | 222 | 213 | 215 | 215 | 215 —1 ; 
P.D. 97 44 43 46 | 279 | 293 | 286 | 333 | 321 | 327 —12 
J.G. 90 41 41 41 188 | 197 | 193 | 200 | 200 | 200 3 
R.D. 105 47 46 47 | 253 | 253 | 253 | 283 | 286 | 285 —12 






































TABLE 4. 
Guinea Pigs. Complement by micro and macro methods. Observations in duplicate. 





















































Haematocrit Complement Titre 
micro 
Haemoglobin] Haematocrit method 
No. 14-8 gm. calculated %o Micro method Macro method | Differ- 
% = 100% | from Hb. ence ; 
° 
Oo 
a b a b |Mean| a b |Mean x 
1 99 46 47 45 | 674 | 685 | 680 | 770 | 800 | 785 —13 
2 101 45 45 44 |1010 | 957 | 983 |1045 |1050 |1050 —6 ) 
3 101 45 43 47 |1070 {1080 |1075 {1075 |1110 |1090 -1 
4 90 41 43 44 770 | 850 | 810 | 952 | 952 | 952 —15 
5 92 41 42 44 | 930 | 930 | 930 | 934 | 934 | 934 0 
6 88 40 42 41 890 | 915 | 902 | 950 | 950 | 950 —5 
7 101 45 46 43 |1090 {1090 {1090 |1150 {1190 1170 | —7 
8 95 43 47 47 942 |1210 |1076 |1020 |1050 |1035 +4 
9 90 41 42 42 | 863 | 884 | 874 | 953 | 971 | 966 -9 
10 86 39 39 38 | 995 | 830 | 913 |1110 {1150 |1130 | —19 
’ 
DISCUSSION. 


In interpreting changes in blood complement, small differences have little 
significance and changes of 50 p.c. or more, preferably consistent over a series 
of readings, are necessary before conclusions are justified. In the investigations ) 
reported here the results by the micro method were comparable with those of 
the macro method, the greatest differences being — 22 p.c. The micro method 
thus appears suitable for assessing the complementary activity where only small 
quantities of blood are available. 

















DETERMINATION OF COMPLEMENT 261 


Complement is unstable at room temperature but less so in colder tem- 
peratures and at —17°C. activity remains unchanged for months. Deteriora- 
tion occurs more rapidly with increasing dilution. Using the methods described 
here it is therefore necessary to keep the serum, after dilution, at ice tem- 
perature if there is to be a delay of more than 30 minutes before titration is 
carried out. 

In the micro method whole blood is diluted 50 or 100 times. In this dilu- 
tion clotting does not occur and the method therefore measures plasma rather 
than serum complement. We have found that complementary activity is the 
same in serum and plasma and the present results support this. It is important, 
of course, in making such comparisons, not to use heparin as the anticoagulant 
as it depresses complementary activity. 


SUMMARY. 


A method for complement determination requiring only a drop of blood 
from a guinea pig’s ear, rat’s tail or finger prick is described. Whole blood, 
measured in an opsonic pipette is diluted accurately and the cells removed 
by centrifuging. The supernatant plasma is titrated for complementary activ- 
ity and the whole blood value converted to the plasma value by the haematocrit 
factor. 

Magnesium ion is used in the diluent and the red cells used in each titra- 
tion tube are standardised so that the normal 50 p.c. haemolysis titre for human 
and rat complement is approximately 300 and for guinea pigs 1100 units per ml. 

Results of estimation of complement activity by this method compared with 
those obtained by observations on serum from clotted blood are presented. 
Tests were made on humans, rats and guinea pigs. 
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OBSERVATIONS ON INITIAL EXTRACTION OF POSTERIOR 
LOBE PITUITARY POWDERS RELEVANT TO THE 
ONE-MULTIPLE THEORIES OF PITUITARY HORMONE 
PRODUCTION 


by H. WARING! and F. W. LANDGREBE? 
(From the University of Aberdeen). 


(Accepted for publication 2nd March, 1956.) 


There are two schools of thought regarding the form in which posterior 
lobe pituitary excitants exist in the gland. One school believes that pressor 
and oxytocic activities are separate, the other that the two are bound into one 
molecule which can be readily broken to give fractions with substantially only 
one of these properties. The whole question was reviewed by Waring & Land- 
grebe (1950). 

In the review cited two classes of unpublished data were briefly men- 
tioned which were most easily interpreted on the basis of a loose bonding of 
pressor and oxytocic activities in the acetone dried powder which forms the 
basis for most extractive procedures. These data were (a) survey of 
pressor/oxytocic ratios in diverse members of the animal kingdom, (b) the 
results of attempts to fractionate, by adsorption, whole extract after different 
initial extraction procedures. We have received requests for detailed data 
about (b), so it seems appropriate briefly to record these. 


METHOops. 


Oxytocic values were assessed on the guinea pig uterus in vitro without magnesium in 
the bath (Burn, 1937). Pressor values were measured initially on the pithed or anaesthe- 
tised cat and were later confirmed on the rat (Landgrebe, Macaulay and Waring, 1946). 


RESULTS. 


These can be conveniently summarised under: (a) Preliminary experiments 
and (b) final experiments designed to confirm the conclusions drawn from (a). 
A. Preliminary experiments. 


Initial extraction with water. 5 gm. commercial powder were simmered 
with 50 ml. water for 5 mins. The pH of the mixture was 5-7. After filtration 





1 Now Professor of Zoology, University, W.A. 
2 Now Professor of Pharmacology, University of Wales, Cardiff. 


Austral. J. exp. Biol. (1956), 34, pp. 263-268. 
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and cooling, charcoal was added and constantly stirred. At intervals samples 
were removed for assay. Because of the histamine contamination in the original 
powder, it was necessary to salt the activity out of the samples and redissolve 
before assaying. The results are shown in Table 1. This experiment was 
repeated several times with substantially the same results. 


TABLE 1. 
Water for initial extraction (pH 5-7). 
Assays of extract shown as per cent. of original water extract*. 








Time Oxytocic Pressor ‘B’ 
0 100 100 100 
Carbon added 
5 mins. 30 7 1 
30 mins. 25 7 0-1 
2 hrs. 25 4 0-1 
3 hrs. 22 2 0-1 
5 hrs. 18 1-5 0-1 














* The original powder assayed 50% of Int. St. Powder for pressor and oxytocic properties 
(but much lower for ‘B’). Further, the simmering used in these preliminary experiments produced 
only 60-70% of the activity obtainable by using standard extraction (see Table 3). 


Initial extraction with dilute acetic acid. Procedure here was precisely the 
same as with water, except that 0-25 p.c. acetic acid was used. The pH of the 
mixture was 4-4. Table 2 shows the results. 


TABLE 2. 
Dilute acetic acid for initial extraction (pH 4-4). 
Assays of extract shown as per cent. of original acetic acid extract*. 











Time Oxytocic Pressor ‘B’ 
0 100 100 100 
Carbon added 
30 mins. 90 80 5 
1 hr. 80 60 1 
2 hrs. 70 35 0-3 
3 hrs. 62 28 0-3 
5 hrs. 60 28 0-3 











* The original powder was the same as for Table 1 but acetic acid gives a better initial 
extraction. 


Comments on preliminary experiments. (a) Initial extraction with water 
is followed by a different pattern of adsorption of activities by charcoal with 
respect to both differential adsorption and speed of the whole process. 

(b) We have tried the effect of adding different weights of charcoal (1-5 
gm.) without producing any differences in the graphs of adsorption. If, how- 
ever, fresh charcoal is added to the acetic extract at 1 hr. (Table 2) the oxytocic 
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and pressor activities are almost entirely adsorbed within 30 mins. at equal 
rates; pH adjustments do not alter this. 

(c) After initial extraction with dilute HCl the activities adsorb in roughly 
the same way as with dilute acetic. So we tested whether pH at adsorption 
was the crucial factor. A water extract was adjusted to pH 4-5 before adding 
charcoal; the adsorptions were similar to those in Table 1. Similarly an acid 
extract was adjusted to pH 5-7 and the results were similar to those in Table 
2. Evidently the pH of the initial extraction is the significant factor and not 
the pH at adsorption. 

(d) The pH of maximum stability of posterior lobe activities is about 3-5, 
and that is tantamount to saying that hydrolysis does not easily occur at that 
value; as activities are less stable at pH 6-7 it is probable that they are more 
easily hydrolysed under such conditions. Since the different behaviour of 
extracts made with water and acetic acid is due to something that happens 
during the initial heating, it is probably due to different degrees of hydrolysis 
that occur during the two processes. To test this, further experiments were 
performed. 


B. Final experiments. 


In these experiments procedure was varied as follows: (a) Standard* 
extraction was used to conserve powder, (b) one, two or three lots of charcoal 
were added to the extract, (c) salting out was abandoned because of the weak 
extracts being used. There is, of course, no need to salt out with International 
Standard powder which contains no histamine; the oxytocic figures from the 
commercial powder may be a trifle high due to histamine contamination. The 
results of these experiments are shown in Table 3. 


Comments and conclusions. 


It is of interest to note that the same commercial powder mixed with 0-25 
p.c. acetic in a strong mixture has a pH of 4-4 (Table 2); in a weaker mixture 
the pH is 3-3 (Table 3). 

With the stronger extract, when the activities are adhering at different 
speeds, the introduction of a second lot of charcoal leads to both activities 
adhering equally to it (A (b) above); with the weaker solution this is not so 
(Table 3, 7). 

With a good initial powder and either heating with dilute acetic or extract- 
ing with water at room temperature, there is subsequently no differential adsorp- 
tion of activities when charcoal is added. 





3 By ‘standard’ extraction we mean that prescribed in Mem. 36/43, viz., 1 mg. powccr 
to 1 ml. of 0-25 p.c. acetic acid or physiological saline, placed in boiling water for 5 minutes, 
cooled and filtered. Using International Standard powder the filtrate by definition contains 
2 International units per ml. of both pressor and oxytocic activities. 
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With a good initial powder, heating with water provides an extract the 
activities of which are differentially adsorbed when charcoal is added. 

With a commercial preparation, which we may presume is less carefully 
produced, there is differential adsorption of activities from extracts made accord- 
ing to any of the three methods used. 

We interpret the findings to mean that in a well prepared powder, pro- 
cedures likely to induce hydrolysis are a prerequisite to differential adsorption 
to charcoal. With commercial powders sufficient hydrolysis has taken place 
prior to extraction for differential adsorption to be exhibited. 


SUMMARY. 


Extracts of both Int. St. P and commercial powder were made under different 
conditions of pH. 

These extracts were subjected to activated charcoal adsorption and the 
residual pressor and oxytocic activities were assayed at intervals during ad- 
sorption. 

Extracts of Int. St. P. made at pH 3-3 did not show differential adsorption 
of the activities; extracts of commercial powder made at pH 3-3 showed slower 
and reduced differential adsorption as compared with extracts made at higher pH. 

The conclusion is drawn that the differing adsorption properties of pressor 
and oxytocic activities in pituitary powder extracts are due to the degree of hydro- 
lysis permitted by the extraction procedure. This tends to support the view that 
these activities are part of a single ‘parent’ molecule in the pituitary gland. 


Acknowledgments. We are indebted to the Medical Research Council (Great Britain) 
for an expenses grant. 


REFERENCES. 


Burn, J. H. (1937): Biological Standardisation, Oxford. 

Landgrebe, F. W., Macaulay, M. H. I., and Waring, H (1946): Proc. Roy. Soc. Edinburgh 
LXII, p. 202. 

National Institute for Medical Research (1936 and 1943): On the International Standard 
Pituitary (posterior lobe) Powder, League of Nations Health Organisation, Dept. Biol. 
Standards, Mems. 36 and 43. 

Waring, H., and Landgrebe, F. (1950): Hormones of the Posterior Lobe in ‘Hormones’, vol. 

II, edit. by Pincus & Thimann. Academic Press, N.Y. 











OES, 


bine ait GCM als 


~ 


Ra. a 


¥, Fas 
le eRe.» 


Renee 








LOW PROTEIN DIETS AND SULPHUR METABOLISM 


by H. BARFORD' and E. EDEN 
(From the Department of Biochemistry, University of Sydney). 


(Accepted for publication 23rd May, 1956.) 


Diets in which the protein concentration is only half that required for 
maximal growth rate have been used extensively for the production of experi- 
mental liver disease (Schwarz, 1954). Although on such diets less protein is 
synthesized in the body (Rutman, Rutman and Tarver, 1955), the composition 
of the proteins produced is not altered (Dent, 1947), but changes have been 
observed in the protein-free extracts (Eden and Harrison, 1955 and Lindan and 
Work, 1953). A marked change has been reported in the concentration of 
both glutathione and ascorbic acid. In the present work additional informa- 
tion was obtained on the changes of other compounds containing nitrogen and 
sulphur. The tissues studied were liver and intestinal mucosa, where rapid 
protein synthesis occurs and for comparison two different types of tissues, cardiac 
muscle and red blood cells, were also included. 

When the percentage of protein in the normal diets was halved, there was 
a decrease in the concentration of the sulphur in the protein-free extracts of 
all the tissues studied. These changes could be prevented by adding amino 
acids containing sulphur to the deficient diets. 

The decrease of glutathione in the liver was the most marked change 
observed. In order to localise these changes within the liver cells, the par- 
ticulate and the soluble fractions of normal and deficient liver cells were isolated 
by differential centrifugation. 


MATERIALS AND METHODs. 


Animals and diets. 

Three batches of albino rats were used. They were all females and at the beginning 
of the experiment were four weeks old and weighed approximately 50 gm. Three different 
diets were used, two synthetic ones and the third a cube diet as used for breeding rats. 
The diet low in protein had the following composition: vitamin-free casein (10 p.c.), vitamin 
mixture in sucrose (5 p.c.) (Hove and Hardin, 1942), sucrose (72 p.c.), lard (9 p.c.), salt 
mixture (3 p.c.), and cod liver oil (1 p.c.). The control diet contained 20 p.c. of casein 
and only 62 p.c. of sucrose. The percentage of amino acids containing sulphur in the three 
diets was 0-75 for the stock breeding diet, 0-7 for the high protein one, and 0-35 for the 
low protein one. Amino acid supplements when given were mixed in with the diet. The 
animals were kept on the special diets for six to seven weeks. 





1 Working under a full-time grant from the National Health and Medical Research 
Council. 
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Preparation of tissues. 

Blood was collected into a citrate solution (3 p.c.), centrifuged, and 1 ml. of red blood 
cells was withdrawn. The cells were haemolysed with 5 ml. of digitonin solution (50 
wg./ml.) and the proteins were precipitated with 1 ml. of trichloracetic acid (50 p.c.). 
The protein-free extract was diluted to 10 ml. 

Liver, cardiac muscle, intestinal mucosa (0:5 gm.) were prepared by homogenization 
in water, diluted to 7 ml. and precipitated as above. 


Cell fractionation. 
Liver homogenates in 0-25 M sucrose were fractionated by differential centrifugation as 
described by Schneider (1948). 


Chemical methods. 

Total sulphur was determined after the digestion of the organic sulphur by adding 
barium chloride and measuring the turbidity thus obtained (Denis and Reed, 1926). The 
concentration of sulphydryls was estimated by the nitroprusside test (Grunert and Phillips, 
1951). For some extracts the specific glyoxylase method for glutathione was also used 
(Racker, 1951). Nitrogen was estimated by Kjeldahl digestion and Nesslerization of the 
extracts (Eden and Harrison, 1955). 


RESULTS. 


The results of Experiment 1 are summarized in Table 1. In these experi- 
ments the nature of sulphur compounds in the protein-free tissue extracts was 

















TABLE l. 
Effect of diet on the composition of protein free tissue extracts. 
Percentage | Sulphur 
of protein Nitrogen Total S Sulphydryl 
in the diet (mg./100 gm. liver) (mg./100 gm. liver) 
Liver 20 193+19 2442* 11-0+1-6** 
10 193+ 4 18+2 4-2+40-7 
Red blood cells 20 58+5 14+0-5* 8-0+0-6* 
10 6047 1241 5-0+40-9 
Intestinal 20 223+ 5 50+3 7-0+0-2 
mucosa 10 201+ 20 4445 6-0+0-4 
Cardiac muscle 20 207+ 9 65+4 4-6+40-2 
10 212417 6145 3-140-6 














Each group contained 8 animals and the results are given as the mean with the standard 
error of the mean. Means marked with one asterisk were significantly different at a 5% level 
from the 10% protein group. Those marked with two asterisks were significantly different at 1°% 
level. For these calculations Student’s ¢ test was used. 


studied in relation to varied concentration of protein in the diet. In the next 
experiment, the effect of adding methionine to the different diets was deter- 
mined. In Experiment 3, liver cells were fractionated and the distribution 
of glutathione in these fractions studied (see Table 2). 
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SULPHUR METABOLISM 


The nature of compounds containing sulphur in protein-free 
tissue extracts. 


In the liver and red blood cells about half of the total sulphur in protein- 
free extracts was found to come from compounds containing sulphydryl groups. 
On the other hand, in the cardiac muscle and intestine where the total sulphur 
was much higher the percentage of sulphydryl compounds was less than 20 p.c. 
An attempt was made to determine the nature of the remaining 80 p.c. As no 
precipitate was obtained with barium chloride before digestion the presence 
of large amounts of inorganic sulphur was excluded. It is unlikely to have 
been loosely bound sulphate, as boiling for one hour with 5 p.c. trichloracetic 
acid did not liberate any sulphate. In addition to compounds containing sul- 
phydryl groups, there are present in biological tissues other organic sulphur 
compounds. In the case of liver the taurine content would account for a con- 
siderable amount of the remaining sulphur (Awapara, Landua and Fuerst, 
1950), but in the heart and intestine further compounds containing sulphur 
must be present. 


It was of interest also to determine how much of the sulphydryl] fraction 
was glutathione. Glutathione is the coenzyme to glyoxylase I and no other 
naturally-occurring compound is known to replace it in this reaction (Racker, 
1951); hence the rate of glyoxylase activity under standard conditions can be 
used to determine specifically the glutathione concentration. Some workers 
have used for this test tissue extracts prepared with sulphosalicylic acid (Leaf 
and Neuberger, 1947), but we have found that even after neutralization this 
acid or other common acids used for protein precipitation inhibited the 
glyoxylase preparation. Similar observations have been reported by Ennor 
(1939). In the present experiments, the proteins were precipitated by auto- 
claving (a 20 p.c. water homogenate was autoclaved at 5 Ib. pressure for 15 
min.). The glyoxylase method was checked in the case of each tissue by the 
recovery of glutathione added before autoclaving. With liver homogenates 
these recoveries were satisfactory (90 p.c. or over) and the glutathione deter- 
mined by the glyoxylase method represented 80 p.c. of the total nitroprusside 
reacting material. These results have been confirmed by oxidizing with a 
slight excess of hydrogen peroxide all the sulphydryl groups to the disulfide 
form. These extracts were then incubated with glutathione reductase and the 
necessary cofactors; under these conditions only oxidized glutathione is reduced 
and can then be estimated by the nitroprusside test. 


The effect of diet on the distribution of compounds containing sulphur. 

When the protein content of the diet was halved, the concentration of 
sulphur in the protein-free extracts of liver was reduced by 25 p.c. (see Table 
1); these changes were even more marked in the concentrations of sulphydryls 
where the decrease was over 60 p.c. In fact, the reduction in the concentration 
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of sulphur could be accounted for by the large change in the concentration of 
sulphydryls. In other tissues a decrease in the total sulphur and in the sul- 
phydryls was also observed, but the changes were smaller than in the liver, 
and of the three tissues only the decrease in the red blood cell was statistically 
significant. 

The decrease in the concentration of sulphur could be prevented by adding 
0-25 p.c..of pt-methionine to the diet low in protein. For example, in one 
experiment, the concentration of sulphur of protein-free extracts, expressed 
as mg. S/100 gm. liver, was 20 for low protein, 28 for low protein reinforced 
with methionine, and 28 for the diet with a high protein content. Double 
concentration of methionine added to the diet low in protein or 0-25 p.c. 
methionine added to the diet high in protein produced no increase above 28. 
These figures are not included in Table 1 as the diets containing added 
methionine were only given to small groups of animals. 

In contrast to the marked decrease in the concentration of sulphur no 
statistically significant changes were observed in the concentration of nitrogen 
of the different tissues studied. Glutathione only made up a small percentage 
of the total nitrogen, hence changes in glutathione would not markedly affect 
this fraction. 


The cellular distribution of glutathione. 


Over fifty fractionations were carried out with liver tissue obtained from 
animals of different ages and receiving various diets. The efficiency of frac- 
tionation was in each experiment checked by microscopical examination and 
nitrogen determinations. In addition, in a few experiments deoxyribonucleic 
acid and ribonucleic acid were also estimated and the distributions obtained 
were similar to those reported by Davidson in Chargaff and Davidson (1955). 

The distribution of glutathione was the same when 0-25 M or 0-88 M 
sucrose was used as the isolation medium. Table 2 shows the results obtained 
with typical normal liver homogenates fractionated in 0-25 M sucrose. In 
animals fed an adequate diet about 90 p.c. of the glutathione was present in 
the soluble fraction, small amounts were also found in the nuclear and mito- 
chondrial fractions. 

In the liver, the nucleus occupies about 8 p.c. of the total cellular volume 
(Harrison, 1953). Stern and Timonen (1954) found that the concentration of 
glutathione in the nucleus was the same as that in the cytoplasm. In the present 
work only 6 p.c. of the total glutathione in the cell was found in the nucleus. 
Stern et al. (1954) used non-aqueous methods of separations which minimised 
possible diffusion of small molecules during separation. 

There are no published figures apparent for glutathione in the mito- 
chondria. Any glutathione found in unwashed mitochondrial fraction could 
be caused by contamination with the soluble fraction. In order to investigate 
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this point further, isolated mitochondria were washed three times with water, 
0-25 M or 0-88 M sucrose. The sucrose solutions removed in two washings 
all the contaminating glutathione. The figures reported in Tables 2 and 8 are 

















TABLE 2. 
Distribution of glutathione in liver cells. 
Percentage in fraction 
Gravitational) Time Nitrogen | Glutathione 
Fraction field (min.) | gm./100 gm. | mg./100 gm. 
(9) liver liver Nitrogen | Glutathione 
Nuclear 600 10 0-42 10 17 5-9 
Mitochondrial 8,500 10 0-38 8 16 4-7 
Microscomal 64,000 60 0-36 0-3 15 0-2 
Supernatant _ — 1-26 151 52 89-2 
All fractions 2-42 169 
Homogenate 2-46 182 
% recovery 98 93 























Liver homogenates in 0-25 M sucrose were filtered through muslin and then centrifuged 
at the speeds indicated. Each fraction was washed twice with 0-25 M sucrose and in each case the 
washings were added to the supernatant before the next centrifugation. The figures given are 
averages of three experiments. 











TABLE 3. 
Effect of diet on the cellular distribution of glutathione. 
Glutathione 
(mg./100 gm. of liver) Percentage of 
glutathione in 
the nuclear and 
Nuclear and mitochondrial 
Total mitochondrial fraction 
fraction 

Stock breeding diet 187+14-7 1241-2 6-4 

Protein (20%) 181+26-2 1241-1 6-6 

Protein (10%) 56+ 9-8 10+1-7 18-0 














Each group contained 8 animals, results are given as mean with standard error of mean. 


of fractions twice washed with 0-25 M sucrose. On the other hand, when 
water was used even the third washing contained considerable amounts of 
glutathione. Washing with water is known to destroy the integrity of mito- 
chondria and with repeated washings with water all the glutathione could 
be removed from the mitochondrial fraction. 

For experiments studying the effect of diet on the cellular distribution of 
glutathione, it was decided to simplify the procedure and to separate the cells 
only into two fractions, the first one containing the nuclear and mitochondrial 
fractions and the second one containing the microsomes, the soluble fractions 
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and the washings. As previously discussed, on a diet with a low protein 
content, the total amount of glutathione in the liver cells was reduced to 
about half its concentration, but Table 3 shows that the amount of gluta- 
thione in the nuclear and mitochondrial fraction remained unchanged. The 
decrease could be accounted for entirely by the decrease in glutathione in the 
soluble fraction. 


DISCUSSION. 


It is known that reduction of the concentration of protein in the diet 
reduces protein synthesis, this in turn reducing the growth rate of animals. 
On the other hand, the concentration of nitrogen in the protein-free extracts 
of tissues is not altered (Lindan and Work, 1953). These results were con- 
firmed in the present experiment, and in addition, a decrease in the concentra- 
tion of sulphur in the protein-free extracts was observed. The diets low in 
protein contained 0-35 p.c. of amino acids containing sulphur; this amount is 
only half of the dietary requirement for optimal growth (Albanese, 1950). 
Methionine supplements sufficient to cover the sulphur requirements prevented 
the fall in the concentration of sulphur in the protein-free extracts. The growth 
rate was intermediate between the group fed a diet with a low protein content 
and receiving no supplements and the control group; the supplemented diet 
was still suboptimal in the concentration of other essential amino acids. 

When diets with a low protein content were used, the most marked effect 
was the greatly decreased concentration of glutathione in the liver. The con- 
centration of glutathione in this tissue decreased from 181 to 56 mg. per 100 
gm. of liver (Table 3). The glutathione turnover in the liver is very high, the 
half life of glutathione being only 3 hours (Waelsch and Rittenberg, 1942); in 
tissues other than liver the turnover rate is slower and the changes observed 
in the present experiments were also smaller. 

It is of interest to observe the presence of glutathione in the soluble frac- 
tion of the cell, as ascorbic acid has been reported to be localized in the same 
fraction (Hagen, 1954). One of the functions of glutathione in the liver is to 
reduce any ascorbic acid that has been oxidized; the oxidized glutathione thus 
formed is reduced back with the aid of glutathione reductase, an enzyme that 
has also been found in the soluble fraction (Rall and Lehninger, 1952). 

The significance of the low levels of glutathione and ascorbic acid in liver 
disease is as yet obscure. In many cases of liver damage, necrosis is followed 
by regeneration brought about by the division of the remaining cells. Increased 
concentration of glutathione in regenerating liver cells has been observed 
(Ferrari and Harkness, 1954) and, in general, in growing tissue glutathione 
and ascorbic acid are present in high concentrations (Barron, 1951). When 
animals receive less than the optimal requirements of amino acids containing 
sulphur, liver damage may not be caused by the low levels of glutathione and 
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ascorbic acid as originally suggested by Dent (1947), but these low levels are 
likely to be inadequate for regeneration to take place and hence the animals 
are unable to make satisfactory recovery. 


SUMMARY. 


Young rats were fed on diets of varying protein concentrations and were 
killed six to seven weeks later. Protein-free extracts prepared from tissue 
homogenates were analysed for nitrogen, sulphur, sulphydryl groups and gluta- 
thione. Liver cells were also fractionated by differential centrifugation and 
the distribution of glutathione determined. 

In the control animals the concentration of sulphur in protein-free extracts 
was 24 and 14 mg. S/100 gm. of liver and red blood cells respectively. It 
was higher in the other two tissues studied, 50 mg. S/100 gm. in intestinal 
mucosa and 65 mg. S/100 gm. in cardiac muscle. 

When the protein content of the diet was halved, the concentration of 
sulphur was reduced in all tissues, this reduction being most marked in the 
liver. The addition of 0-25 p.c. pt-methionine to the diet low in protein 
prevented this fall. No statistically significant changes were observed in the 
concentration of nitrogen. 

In the normal liver about 40 p.c. of the sulphur in protein-free extracts 
was present as glutathione. When the cellular distribution of the latter com- 
pound was studied, it was found that the bulk of the glutathione — about 90 
p.c. — was present in the soluble fraction of the cell. On a diet low in amino 
acids containing sulphur, the decrease in sulphur could be accounted for by 
the decrease of glutathione. This decrease occurred in the soluble fraction of 
the cell, whereas the glutathione concentration of the nuclear and the mito- 
chondrial fractions remained unchanged. 


Acknowledgment. The authors are indebted to Mr. H. A. McKenzie of the Physico- 
Chemical Unit, C.S.I.R.O., Biochemistry Department, University of Sydney, for carrying out 
the ultracentrifugal separations. 
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VARIANTS OF POLIOVIRUS HOMINIS 
1. AVIRULENT VARIANTS OF TYPES I AND III 


by N. F. STANLEY,’ D. C. DORMAN? and JOAN PONSFORD 


(From the Institute of Epidemiology and Preventive Medicine, the Prince 
Henry Hospital, Sydney). 


(Accepted for publication 27th April, 1956.) 


Following the reports of Li and Habel (1951) and Li and Schaeffer (1953a 
and b) that the Mahoney (type I) and the Leon (type III) strains of Poliovirus 
hominis had been adapted to mice by the intraspinal route, it was shown 
(Stanley et al., 1954) that both these strains caused paralysis in Prince Henry 
mice when given by the intracerebral route. The present communication de- 
scribes the results obtained following many cord to brain passages of types I 
and III mouse-adapted strains. Their properties are compared with those of 
some type II strains of poliovirus passaged under similar conditions in the 
Australian mice. 


MATERIALS AND METHODS. 


Animals. The monkeys used in these experiments comprised members of the species 
M. irus, M. nemestrinus and M. mulatta. Both monkeys and chimpanzees were obtained 
through the courtesy of Sir Edward Hallstrom.* The strain of Prince Henry mice was 
described in an earlier paper (Stanley et al., 1954). 

Viruses. The intraspinal-mouse adapted variants of types I and III poliomyelitis viruses 
were supplied through the courtesy of Dr. Schaeffer and comprised two mouse cords 
infected with type I poliovirus (Mahoney strain) after 44 passages by the intraspinal route 
and two mouse cords infected with type III virus (Leon strain) following 97 passages by the 
intraspinal route. Of the type II viruses, one MEF; strain was obtained through the courtesy 
of the George Williams Hooper Foundation, University of California Medical Centre, San 
Francisco, and the other from Dr. A. Polson, Virus Research Unit, Department of Pathology, 
University of Cape Town, South Africa. Dr. Polson’s strain was received in the form of 
infected suckling mouse brains at passage number 167. The strain R980 was a type II virus 
isolated in tissue culture from the faeces of a patient clinically diagnosed as paralytic 
poliomyelitis. 

Neutralization tests in mice using hyperimmune sera were used to confirm the identity 
of the strains after many cord-brain passages in mice. 

Inoculations. Intracerebral (1.C.) inoculations were made in mice 3 to 4 weeks old. 
Mice were not anaesthetised and 0-04 ml. of virus suspension was given into the left 
cerebral hemisphere with a tuberculin syringe fitted with a 26-gauge needle. At least 20 
mice were inoculated with each passage dilution. Intraspinal (1.S.) inoculations were car- 





1 Present address: Dept. of Microbiology, University of Western Australia, Perth. 

2 Present address: Dept. of Bacteriology, Royal Alexandra Hospital for Children, Sydney. 

3 Chairman, Taronga Park Trust, Sydney, N.S.W. 

4 Medical Director, Public Health Service, Communicable Disease Centre, Virus and 
Rickettsia Section, Montgomery, Alabama, U.S.A. 
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ried out as described by Habel and Li (1951). Monkeys received 0-3 ml. in the left 
thalamus for I.C. inoculation (Stanley et al., 1954). Intraspinal inoculations in monkeys 
were carried out as described by Sabin et al. (1954). 

Preparation of virus suspensions. The cords from infected mice were used immediately 
or stored at — 20° C. in glycerol-saline. The virus suspensions were obtained by grinding 
washed cords in mortars chilled to — 20° C. Hanks’s salt solution containing penicillin and 
streptomycin was added slowly and as the cords freeze during the grinding process no abra- 
sive is necessary. The suspensions (10 p.c.) were centrifuged in a refrigerated centrifuge 
at 2,000 r.p.m. for 10 minutes and the supernatant removed for testing. 

Tissue cultures. Trypsinized monkey kidney epithelial cells were grown in a mixture 
of bovine amniotic fluid, beef embryo extract and horse serum. The medium was that of 
Enders (1953) and the technique is described elsewhere (Ponsford et al., 1955). 

Antibody estimations. These were carried out either in tissue culture or 3- to 4-week 
old mice. The technique of the mouse neutralization test is described in another paper 
(Stanley et al., in preparation). 


EXPERIMENTAL. 


Type I strain (Mahoney) of Poliovirus hominis. 


Seventy (70) cord to brain passages were made in mice. The cords were 
harvested from mice paralysed 48 to 72 hours after I.C. inoculation. The in- 
fected cord suspensions (10 p.c.) 
ares edd PASSAGE TOTAL were then given by the I.C. route 
123456789 10, NO. ,PaRAYsep, at dilutions of 10° to 10-* to 
groups of 20 mice for each dilution. 
O—9} 40% It was considered that this proce- 
dure might facilitate the selection 
of a variant capable of rapid inva- 
sion of mouse C.N.S. tissue. Dur- 
ing the seventy passages several 
changes became apparent and 
these were explored by further tests 
in tissue cultures, mice and 
monkeys. 

Some of the changes are revealed 
in the histogram (Fig. 1) which 
shows: 

(i) a gradual increase with 
passage in the percentage 
of animals showing para- 
lysis; 

(ii) a decrease in the time of 
onset of paralysis during 

Mak ieee aaron: 23 the fist forty passages until 
virus (Mahoney strain). Twenty mice in- the majority of animals be- 
oculated with 10 p.c. cord suspensions at each came paralysed between 48 


passage. Each graph gives the average of 10 : 
passages as indicated in the figure. and 72 hours; 
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(iii) the appearance, after passage 40, of an increasingly larger number 
of animals showing paralysis between the 6th and 10th days; 
(iv) the sudden occurrence of mice dying within 24 hours, after passage 
57 but not before. 
During the first few passages mice became paralysed only when given 
undiluted 10 p.c. infected cord suspensions intracerebrally. As the number 
of rapid passages increased so did the P.D. 50 (paralytic dose 50) of the cord 
suspensions. After passage 40 the P.D. 50 showed no very great increase and 
the number of mice becoming paralysed at each dilution is indicated in Fig. 2. 
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Fig. 2. Number of mice paralysed fol- Fig. 3. The effect of age on sus- 
lowing intracerebral inoculation with — ility of Prince Henry mice to 








ee adapted paliomyeits virus by the 
intracerebral route. 
Age of mice and susceptibility to infection. 

To determine the effect of age of the mice on susceptibility to infection 
with the type I virus by the I.C. route, mice from 7 to 49 days old were selected. 
Twenty mice were inoculated for each age group. A 1/20 dilution of infected 
mouse cord of passage 44 was used for the I.C. inoculations. The results re- 
corded in percentage form in Fig. 3 suggest that mice approximately 21 days 
old were most susceptible to paralysis. In practice, all mice used for testing 
types I, II and III strains were between 3 and 4 weeks old. 

Fore-limb and hind-limb paralysis. 

Most of the mice paralysed following a type I infection became paralysed 
in their fore-limbs only. This observation may be compared with figures 
obtained with type II strains. The results are recorded in Table 1 and show 
that the South African strain of type II differs from the two Australian type 
II strains. The incubation period of mice showing hind-limb paralysis with 
type I poliomyelitis appeared to be longer than that of mice showing only fore- 
limb paralysis. This is illustrated in Fig. 4. This difference in incubation 


period was not observed with the South African MEF, strain, as may be seen 
from Fig. 5. 
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TABLE 1. _ 


Number of mice showing fore- or hind-limb paralysis. The R980 type II strain of Poliovirus hominis 
has had very few passages in mice compared with the MEF, strains. 




















No of mice with paralysis 
Type of No. of No. of only in Percentage 
Poliovirus mice mice with 
hominis inoculated paralysed hind-limb 
fore-limbs | hind-limbs | P#ralysis 
I (Mahoney mouse- 
adapted) 14,500 4,065 3,935 130 3 
II (MEF,, South Africa) 320 167 85 82 49 
II (MEF,, Australia) 1,220 393 351 42 1l 
II (R980, local) 3,280 687 550 137 20 























“Toxic” effect. 


It was noted that after passage 57, a number of mice died without sign of 
paralysis within 24 hours of inoculation. As the number of non-specific deaths 
following intracerebral inoculation of non-anaesthetized mice was, in our hands, 
rarely greater than 0-1 p.c., the sudden appearance of mice dying within 24 
hours was further studied. This effect was not observed with suspensions of 
normal mouse cords or with tissue culture fluids containing high concentrations 
of infective particles of type I poliovirus, but was demonstrated only with 10 
p.c. or 20 p.c. suspensions of infected mouse cord and then only after passage 
57. Recent observations on paralysing capacity and particle size (Stanley et al., 
2nd paper of this series) indicate that this “toxic” effect may be associated with 
virus particles causing early onset of paralysis (peak PA), but not with those 
causing late onset of paralysis (peak PB). 
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Behaviour of type I mouse-adapted virus in monkeys and chimpanzzes. 


Various preparations caused no detectable illness when administered to 
16 monkeys and 5 chimpanzees (see Tables 2 and 3). In addition, 8 monkeys 
were inoculated with types I, II or III strains to serve as controls. Virus sus- 
pensions were administered intracerebrally, intraspinally and orally. Four 
monkeys (Nos. 73, 74, 75 and 76) were challenged 64 days after receiving 
mouse-adapted Mahoney strain by intracerebral inoculation of Brunhilde (type 
I) infected monkey cord suspension. The monkeys remained asymptomatic, 
but the controls (55 and 80) became paralysed. Monkeys receiving virus intra- 
cerebrally developed neutralizing antibody (mouse-test) to low titres (1/20 to 
1/80). Three monkeys fed a mouse-adapted Mahoney virus developed no 
detectable antibody. The antibody response of the chimpanzees was also low 
and variable (see Table 3). One chimpanzee had antibodies prior to adminis- 
tration of virus. 









































TABLE 2. 
The results of intracerebral, intraspinal and oral administration of Poliovirus hominis to monkeys. 
Inoculum 
Monkey 
no. Species Result 
Virus 
Route} type Strain Material 
50 M. nemestrinus | LC. | I Cobbett monkey cord paralysis ) 
55 M. nemestrinus | L.C. | I Briinhilde monkey cord paralysis | 2 
68 M. irus i. if Mahoney tissue culture paralysis | 5 
80 M. nemestrinus | I.C. | I Briinhilde monkey cord paralysis | 
90 M. nemestrinus | I.C. | II MEF, suckling mouse | paralysis >— 
brain (p. 44) £ 
56 M. irus Lc. | Ill Leon monkey cord paralysis | & 
100 M. mulatta Ls. | I Mahoney tissue culture paralysis | 5 
103 M. mulatia m. it Mahoney tissue culture paralysis } 
73 M. irus tm. if Mahoney (M) | mouse cord p. 5 ’ 
74 M. trus i. if Mahoney (M) | mouse cord p. 8 
75 M. nemestrinus | LC. | I Mahoney (M) | mouse cord p. 8 
76 M. nemestrinus | 1.C. | I Mahoney (M) | mouse cord p. 8 
91 M. nemestrinus | oral | I Mahoney (M) | mouse cord p. 25 
92 M. nemestrinus | oral | I Mahoney (M) | mouse cord p. 25 
93 M. nemestrinus | oral | I Mahoney (M) | mouse cord p. 25 
85 M. irus Lc. | I Mahoney (M) | mouse cord p. 26 >N.A.D. 
86 M. irus Ic. | I Mahoney (M) | mouse cord p. 26 
95 M. mulatta Is. | I Mahoney (M) | mouse cord p. 55 
96 M. mulatta ro 1% Mahoney (M) | mouse cord p. 55 
97 M. mulatta Is. | ft Mahoney (M) | mouse cord p. 55 
77 M. irus I.c. | Il Leon mouse cord p. 8 
78 M. irus ©. | Leon mouse cord p. 8 
87 M. irus Lc. | Il Leon mouse cord p. 15 
88 M. nemestrinus | 1.C. | Il Leon mouse cordp.15} J 
N.A.D. = nothing abnormal detected. 


A. 
C. = intracerebrally. 
8. = intraspinally. 


i) 
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TABLE 3. 
The results of administration of Poliovirus hominis type I mouse-adapated (Mahoney strain) to 
chimpanzees. 
Reciprocal of 
Inoculum antibody titre 
Chimpanzee Result 
Route Material Before After 
Susie per os | 30 infected mouse cords given 7} 
on 2 different occasions 100 100 
Samson per os | 30 infected mouse cords given 
on 2 different occasions <10 46 
Delilah per os | 30 infected mouse cords given 
on 2 different occasions >N.A.D. <10 <10 
Maid Marion I.M. 1 ml. 40 p.c. suspension in- 
fected mouse cords in right 
hind limb <10 80* 
The Sheriff I.M. 1 ml. 40 p.c. suspension in- 
fected mouse cords in right 
hind limb J 20 640* 























* Estimated in tissue culture. 


Results of 25 successive intracerebral passages with type III virus (Leon strain). 


The preparation used for passage 1 was that received from Dr. Schaeffer. 
The behaviour of type III during passage in Prince Henry mice was distinct 


DAYS 
AFTER INOCULATION 
Lt.0 8.5 6.7 6.8 
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Fig. 6. Time of onset of paralysis of 3- 
week-old mice inoculated with type III polio- 
virus (Leon strain). Twenty mice inoculated 
with 10 p.c. cord suspensions at each passage. 
Each graph gives the average of the passage 
number as indicated. 


from that of type I in that the 
percentage of animals becoming 
paralysed did not increase with 
passage, but remained at a low 
level (between 26 p.c. and 31 
p.c.). Furthermore, onset of 
paralysis was rarely observed 
within 48 hours after inocula- 
tion. The majority of animals 
became paralysed between the 
4th and 8th days after intra- 
cerebral inoculation (see Fig. 6) 
with a definite maximum at 4 
days remaining constant during 
the 25 consecutive passages. As 
with type I, cord to brain and 
not brain to brain passages were 
carried out. The treatment of 


mice with cortisone before intracerebral inoculation did not decrease the incu- 


bation period nor increase the percentage of animals paralysed. 
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DISCUSSION. 


Cord-brain passage of rodent-adapted strains of P. hominis in mice has 
revealed some interesting differences between strains. Following intracerebral 
inoculation both types I and III rarely paralyse mice in their hind limbs; the 
majority of mice, 97 p.c., become paralysed in their fore-limbs. This is in 
marked contrast to an MEF; strain in which 49 p.c. of mice become paralysed 
in their hind limbs. A further difference between the strains of type I and 
II tested is revealed in Figs. 4 and 5, which show that with type I the mice with 
hind-limb paralysis become paralysed later than those with fore-limb paralysis. 
This phenomenon was not observed with the MEF, strains when mice with 
hind-limb paralysis became paralysed as early as those with fore-limb paralysis. 
Although it was observed (Stanley et al., 1954) that the highest concentration 
of type I was in the cervical area of the cord, no satisfactory explanation can 
be offered to explain the difference between the MEF, (South Africa) strain 
and the Mahoney strain in this respect. The differences in fore-limb and hind- 
limb paralysis are further discussed in the paper on ultraviolet light inactivation 
with a type II strain (paper 4 of this series). 


The low paralysing capacity for monkeys of rodent-adapted types I and 
[II is revealed following administration of virus by the intracerebral, intra- 
spinal or oral routes. This confirms the observation of Li and Schaeffer. As 
titrations were not usually carried out intracerebrally or intraspinally in monkeys 
there remains the possibility that a high concentration of virus in the inoculum 
may mask a paralytic effect demonstrable with more dilute suspensions (Sabin 
et al., 1954). An inhibition of paralysis associated with high concentrations of 
virus was observed on rare occasions with intracerebral titrations in mice. 
Although protection was demonstrated with the few monkeys challenged intra- 
cerebrally with a paralytic type I strain, the antibody response both in monkeys 
and chimpanzees was poor. 


Similar passage of an MEF; strain in suckling or in 3-week-old mice re- 
sulted in no loss of paralysing capacity for monkeys (monkey 90, Table 2). 
This has been our experience with other type II strains following cord to brain 
passage in mice. 


“Paralysis-time” histograms for type III (Leon strain) show a stability not 
observed with type I (see Figs. 1 and 6). Furthermore, it was exceedingly rare 
for mice to become paralysed within 48 hours following intracerebral inoculation 
with the Leon strain. 


The variations seen with type I suggest the possibility that suspensions of 
infected mouse cords —at least from the later passages— may constitute a 
mixture of particles with different properties. This matter has been further 
explored and is discussed in the following paper. 
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SUMMARY. 


The results of cord-brain passage in mice of rodent-adapted strains of the 
three types of P. hominis have revealed differences in paralysing capacity for 
mice and monkeys. The types I and III strains showed no evidence of 
paralysing capacity for monkeys. The majority (97 p.c.) of mice showing 
paralysis following I.C. inoculation with types I and III strains became paralysed 
in their fore-limbs, whereas a type II strain showed 49 p.c. paralysis of hind- 
limbs. Marked differences in the time of onset of paralysis were recorded with 
types I and III. With type I this varied with the number of cord to brain 
passages in mice. 


Acknowledgment. In the work reported in this and in the following three papers, the 
authors are grateful to Mrs. E. King for technical assistance. 
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VARIANTS OF POLIOVIRUS HOMINIS 


2. THE ASSOCIATION OF TIME OF ONSET OF PARALYSIS 
WITH PARTICLE SIZE. 


by N. F. STANLEY,’ D. C. DORMAN,? JOAN PONSFORD and 
MAUREEN LARKIN. 


(From the Institute of Epidemiology and Preventive Medicine, the Prince 
Henry Hospital, Sydney). 


(Accepted for publication 27th April, 1956. ) 


Li and Schaeffer have described in a series of papers (Li and Schaeffer, 
1953a, 1953b, 1953c, 1954; Li, Schaeffer and Nelson, 1954; Li and Habel, 1951; 
Habel and Li, 1951) the intraspinal adaptation of types I and III Poliovirus 
hominis to rodents with subsequent diminution in paralysing capacity for the 
monkey as illustrated by intracerebral or intraspinal inoculations. A variant of 
the Mahoney strain capable of paralysing mice by the intraspinal route ap- 
peared after 10 tissue culture passages in monkey testis. This has, through 
manipulation in Schaeffer’s laboratory and in our own, given rise to a series 
of variants with differing properties. Schaeffer designated these variants of 
the Mahoney strain as the LS strains and summarised the properties of LS-a, 
LS-b and LS-c in table form (Li and Schaeffer, 1954). The strain LS-b, de- 
veloped in our laboratory by intracerebral inoculation of mice (Stanley et al., 
1954; Stanley, 1954) was further studied by successive rapid intracerebral inocu- 
lations of mice with 10 p.c. infected cord suspensions (Stanley et al., 1956, Paper 
1 of this series). It was during these passages that evidence was obtained sug- 
gesting the possibility that this variant consisted of a mixture of virus particles 
antigenically similar but differing in their pathogenesis. It is the purpose of 
this communication to present evidence that several strains of Poliovirus hominis 
(including the LS-b variant of type I) consist of mixtures of at least two dif- 
ferent sized particles that differ in their paralysing capacity. 


MATERIALS AND METHODS. 


The techniques of mouse inoculation, virus titration, cord harvesting, tissue culture, and 
monkey inoculation, have been described in earlier communications (Stanley, 1952; Stanley 
et al., 1954). Ultracentrifugation was carried out in a Spinco Preparative Model L Ultra- 
centrifuge. Hanks’s salt solution (HSS) with 100 units each of penicillin and streptomycin 
was used as a diluent. Usually twenty 3- to 4-week-old mice were used for each dilution. 





1 Present address: Dept. of Microbiology, University of Western Australia, Perth. 
2 Present address: Dept. of Bacteriology, Royal Alexandra Hospital for Children, Sydney. 


Austral. J. exp. Biol. (1956), 34, pp. 285-292. 
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This number was, in some instances, increased to 100 or more for each dilution. All pas- 
sages were carried out at dilutions of 10° to 10-4. 
Virus strains. 


Type I. Mouse-adapted Mahoney strain derived by LC. inoculation of mice following 
primary adaptation to rodents by the intraspinal route by Li and Schaeffer. 


Type II. MEF, (Australia). Following 95 brain to brain passages in suckling mice, this 
strain received two cord to brain passages in 3-week-old mice. 
MEF, (South Africa). This strain was received (through the courtesy of Dr. A. 
Polson of Cape Town) in the form of infected suckling mouse brains at passage 
number 167. It is hereafter referred to as Selzer’s strain. 


Type III. Leon mouse-adapted strain (see Stanley et al., 1954, 1956). 


EXPERIMENTAL. 


It was observed after passage 40 that the mouse-adapted Mahoney strain 
of Poliovirus hominis type I induced paralysis in some mice much later than 
the usual 48-72 hours following inoculation. This later phase of paralysis is 
illustrated in Fig. 1, which shows the time of onset of paralysis in mice inocu- 
lated with mouse passage 58. It was a consistent feature of passages after, but 
not before, passage 40. 
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DAYS AFTER INOCULN. 

; ; DAYS AFTER INOCULATION 

Fig. 1. Time of onset of 


paralysis of 3-weeks-old mice Fig. 2. Results of I.C. inoculation of 


inoculated by the I.C. route 200 mice with a 1/,, dilution of type II 
with type I poliovirus infected cords (MEF; Australia). 
(Mahoney strain, mouse pas- 

sage 58). Twenty mice inocu- 

lated with each dilution from 

10- to 10~. 


This figure shows that the time of onset of paralysis in the mice has two 
peaks—one early (2 to 4 days), and one late (5 to 7 days). These will be 
referred to in the text subsequently as PA (early onset of paralysis), and PB 
(late onset of paralysis). Sometimes a third peak is seen (9 to 12 days), and 
this will be referred to as PC. Fig. 1 is reminiscent of that reported in 1952 








ea «A Sea 


ere 
aa) 


peepee 
s 








t 
% 








VARIANTS OF POLIOVIRUS 287 


with the MEF, (Australia) strain before its adaptation to suckling mice (Stanley, 
1952). After 95 consecutive brain to brain passages in suckling mice followed 
by six cord to brain passages in 3-week-old mice, similar figures were obtained 
(Fig. 2). This treatment failed to alter its ability to paralyse monkeys. 

Continuous tissue culture passage in monkey kidney epithelial cells of the 
type I virus (passage 57 mouse cords) resulted in the elimination of the peak PB, 
and the graph showing the onset of paralysis has the form illustrated in Fig. 3. 
This may be contrasted with Fig. 1. 

It seemed likely to us that these diphasic 
curves, showing more than one peak, could 
be explained by the presence of a variant. 
This was further investigated as outlined 


hereunder. 


TYPE | Algg6 TC 3 


3 
“>> 


a 


Particle size and the onset of paralysis. 


In 1954, Polson and his colleagues at Cape 
Town showed by differential ultracentrifuga- 
tion that infective particles of the viruses of 
Rift Valley fever, type II poliomyelitis and ‘a er arr 
neurotropic African horsesickness, may exist DAYS AFTER INOCULATION 
in two sizes (Polson and Madsen, 1954; , Sty. B. Since ofl enact a peer 
Naude et al., 1954; Selzer and Polson, 1954). ted by the I.C. route with type 
With the MEF, strain of type II Selzer and I poliovirus (Mahoney strain, 
Polson demonstrated at least three different wy er dy Fang 2, a 
particle sizes. Associated with the comple- assage 57). Twenty mice inocu- 
ment-fixing antigen was a particle approxi- ate, with, each dilution from 
mately 12 my» in diameter. 


It occurred to us that the peaks of onset of paralysis might be associated 
with particles of different size. This, indeed, appears to be so, as the follow- 
ing experiments indicate. 

We are indebted to Dr. A. Polson for information on the agar diffusion 
technique which he developed to estimate the particle size of strains of MEF; 
poliovirus and neurotropic African horsesickness virus (Polson, 1956, and 
personal communications). In brief, the technique, as outlined by Polson, 
consists of layering a dilute agar gel over a more concentrated gel. The aqueous 
suspension of virus or protein is placed on the surface of the dilute gel. If 
the pore-sizes in the gel are larger than the protein particles, the protein will 
move into the dilute gel with the water. The agar gels may be standardized 
with haemocyanins of different molecular weights. The equation Cd = K may 
be applied where K is a constant (approximately 70), d is the diameter in mp 
of the particle, and C is the limiting concentration of the agar. 
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The following experiment was carried out with Selzer’s MEF; strain of 
poliovirus. Cords from infected 3-week-old mice (our passage 2) were pre- 
pared and inoculated into 150 mice by the I.C. route. The cords of paralysed 
mice were ground in the frozen state in HSS to give a 10 p.c. suspension. This 
was centrifuged at 4,000 r.p.m. for 30 minutes in an International refrigerated 
centrifuge. The supernatant fluid was removed and spun at 30,000 r.p.m. for 
90 minutes in a Spinco ultracentrifuge. The ultracentrifuge deposits were each 
taken up in 1 ml. of HSS and 0-25 ml. quantities layered on top of 2-5 p.c. agar 
30 which had previously been layered over 
_ 6-0 p.c. agar in M/15 phosphate buffer at 
20 pH 7-2. The tubes were kept at 4°C. for 
; ‘ 8 days, after which the surface of the agar 
al co was thoroughly washed with HSS. The 
ee” tubes were than drained and the 2-5 p.c. 
agar layers removed and ground in HSS. 
Agar was removed by centrifugation at 
5,000 r.p.m. for 30 minutes and the super- 
natant fluid tested for virus by I.C. inocu- 
lation of mice. The results are recorded 
graphically in Fig. 4. 
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These titrations carried out on material 
before and after treatment associate the 
larger particle (30 my» according to Pol- 


NUMBER OF MICE 








10 


DAYS AFTER INOCULATION 


Fig. 4. Time of onset of pesos 


of 3-week-old mice inoculated by the 
intracerebral route with the MEF; 
strain of poliomyelitis that has been 
separated into 24 mp and 30 mp 
particles by the agar diffusion method 
of Polson. 

A. Results covering dilutions from 
10° to 10~. 


UCD = ultracentrifuge deposit con- 
wins 30 mp and 24 mu 
particles. 

. = ultracentrifuge 
fluid. 


B. Results from 10— dilution only. 


supernatant 


son), with the early onset of paralysis 
(PA), and the smaller particle (24 my ac- 
cording to Polson), with PB. 


Further analysis of selected passages 
with type I and type II (MEF,, Australia ) 
strains of poliovirus was carried out, and 
the results are recorded in Figs. 5 and 6. 


It is clearly seen that three peaks (PA, 
PB and PC) are demonstrable. Agar dif- 
fusion and ultracentrifugation again asso- 
ciate the large particles with PA and the 
smaller ones with PB. The bottom graph 
of Fig. 6 shows the effect of passage of 


cords selected from mice becoming paralysed later than 5 days after inoculation. 
This shows that PA could not be demonstrated. Further passage of mouse 
cords selected at PB and PC did not continue to give graphs of this shape, but 
resulted in the common form with the three peaks. Fig. 7 demonstrates how 
clear-cut the peaks appear if one concentration of virus is used throughout. 
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DAYS AFTER INOCULATION 


Fig. 5. Paralysis-time graphs 
showing peaks with selected 
passages of type I mouse- 
adapted Mahoney strain. 

UCD = ultracentrifuge deposit. 


“Toxic” effect. 


In paper 1 of this series reference was 
made to a “toxic” effect associated with the 
intracerebral inoculation of mice with high 
concentrations of mouse cords (10 or 20 
p.c.) infected with the type I variant. This 
effect was first demonstrable in the passage 
sequence at about the same time as the 
peaks appeared. It was decided to inves- 
tigate the occurrence of mice dying within 
24 hours following inoculation with 
material prepared from the infected cords 
of mice paralysed at PA or PB. Accord- 
ingly, 5 p.c. infected cord suspensions 
were prepared each with 10 cords 
selected from mice comprising either the 
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PA or PB in a titration involving 80 mice per dilution of virus suspension. The 
suspensions were made in HSS and cleared by centrifugation at 3,000 r.p.m. 
for 30 minutes. One hundred and twenty mice were inoculated intracerebrally 
with each preparation. Of mice inoculated with cords from PA mice, 28 died 
within 24 hours. Of mice inoculated with cords from PB mice, only one died 
within 24 hours. It appears, therefore, that there is some association of this 
“toxic” effect with PA virus particles. Approximately the same numbers of 
mice became paralysed with each preparation. 


DISCUSSION. 


It is clear that the intracerebral passage of some strains of types I and II 
poliovirus in our mice has led to the appearance of peaks of onset of paralysis 
that can be repeatedly demonstrated. The occurrence of well-defined peaks has, 
as yet, no satisfactory explanation, but does suggest the possibility that many 
of our virus preparations could consist of particles that differ in their paralys- 
ing capacity for mice. As we have shown that the cords of mice showing 
paralysis early after inoculation (PA) contain a predominance of large particles, 
while the cords of mice becoming paralysed later (PB) show predominantly 
smaller infective particles, is seems reasonable, at this stage, to suggest that 
certain biological properties of a poliovirus may be associated with particle size. 

It would seem possible that crude virus preparations from infected cells 
often contain different-sized particles, some of which may be removed during 
the purification procedures usually adopted prior to electron microscopy or the 
preparation of diagnostic antigens. The evidence to support this contention is 
not based on one observation using one technique. Dr. Polson and his col- 
leagues, using both ultracentrifugation and agar diffusion, have carried out 
measurements and shown that several of the small viruses have at least two 
sizes of infective particle (Selzer and Polson, 1954; Polson and Madsen, 1954; 
Naude et al., 1954). This was demonstrated for a MEF; strain of poliovirus, 
for a neurotropic Rift Valley fever strain that had been passaged many times 
intracerebrally in mice, and for the virus of African horsesickness. Further- 
more, Gard (1955) in a recent monograph on poliomyelitis, quotes the electron 
microscope observations made by Parke Davis and Co. in Detroit as follows: 
“Taylor and his associates seem to have started from a tissue culture of Brun- 
hilde type virus. Their micrographs show two distinct types of particle of 
different sizes.” 

If our association of peaks of onset of paralysis with particle size is correct, 
then the demonstration of such peaks represents another method for examining 
poliovirus preparations for the presence of different sized particles. Many of 
the paralysis-time graphs, however, show three peaks decreasing in magnitude 
as the time of incubation increases. This suggests (Dr. Polson, in a personal 
communication ) the possibility of a third and probably smaller infective particle 
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being present in the mixture. If this eventually proves to be the case, the 
observation will be in keeping with the recent findings of Polson that infective 
components of a virus (in this case African horsesickness ) may exist in three sizes. 

In the case of the LS-b strain of type I poliovirus, it is interesting to note 
that Li and Schaeffer (1954) had thought of the possibility that their prepara- 
tion consisted of a mixture. They state: “While this variant exhibited certain 
differential characteristics, it soon became obvious that suspensions of the 
variant virus did not contain single homogeneous virus particles, but rather 
consisted of a mixture of a number of different variants”. The opportunity 
has not yet arisen for us to attempt to associate the LS-a, LS-b or LS-c variants 
(Li and Schaeffer, 1954) with the virus particles associated with the three peaks. 

Continuous rapid tissue culture passage of type I virus resulted (see Fig. 
8) in the elimination of the late peak (PB). In a personal communication, Dr. 
Thomas H. Weller states that he has observed a similar phenomenon with 
type II poliovirus in mice that was in the nature of a diphasic death curve. 
Early in tissue culture passages there were peaks at two to three days after 
inoculation and also at seven to ten days after inoculation. Following tissue 
culture passage the late phase dropped out, and Dr. Weller obtained an agent 
that produced death in mice between the second and fourth days after 
inoculation. 

The great variation in paralysing capacity for monkeys of type II strains 
passaged in rodents (Theiler, 1941; Cabasso et al., 1952) as well as the variation 
observed in tissue culture passage with all three types (Sabin et al., 1954) is 
governed to a considerable extent by the method and technique of passage. The 
possibility of demonstrating the production of peaks and their association with 
different sized particles of a freshly isolated strain and the variation produced 
on passage are discussed in the following paper. 

The possible association of the “toxic” effect with PA virus particles de- 
serves further consideration. The exact nature of this phenomenon is at present 
unknown. It is not demonstrable with tissue culture material of high infec- 
tivity. It is hoped to carry out further experiments in an attempt to elucidate 
the matter. 


SUMMARY. 


An account is given of the presence of three peaks of onset of paralysis 
(PA, PB and PC), which may be repeatedly observed in graphs illustrating the 
onset of paralysis in mice following intracerebral inoculation with types I or 
II mouse-adapted strains of P. hominis. Similar peaks were not demonstrated 
with the Leon mouse-adapted strain when inoculated intracerebrally into mice. 
The third peak (PC) was not always apparent and may be relatively small 
in size. Using ultracentrifugation and Polson’s agar-diffusion technique, evi- 
dence was obtained suggesting that large virus particles were associated with 
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peak PA and smaller virus particles with peak PB. It is suggested that the 
presence of these peaks could be used to indicate the existence of particles 
of different size. Mouse cords infected with PA virus particles may cause up 
to 23 p.c. deaths within 24 hours after intracerebral inoculation of strong sus- 
pensions. This “toxic” effect could not be demonstrated with PB virus particles. 
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38. PEAKS OF ONSET OF PARALYSIS WITH A NEWLY ISOLATED 
TYPE II STRAIN (R980) 


by N. F. STANLEY,' D. C. DORMAN,? JOAN PONSFORD and 
MAUREEN LARKIN 


(From the Institute of Epidemiology and Preventive Medicine, the Prince 
Henry Hospital, Sydney). 


(Accepted for publication 27th April, 1956.) 


Following the observation that the particle size of a poliovirus may be 
associated with its ability to cause paralysis in mice and monkeys (Stanley 
et al., papers 1 and 2 of this series), it was decided to investigate the properties 
of freshly isolated strains. It was thought that the nature of peaks of onset of 
paralysis would give some clue as to the presence of virus particles varying in 
their size and paralysing capacity. 

This communication describes the results obtained with a strain of type II 
poliovirus from the time of its primary isolation in tissue culture from the 
faeces of a patient with paralytic poliomyelitis. 


EXPERIMENTAL. 


The strain R980 readily produced a cytopathogenic effect in cultures of 
monkey kidney epithelial cells and was neutralized by type II hyperimmune 
monkey serum but not by types I or III serum. However, intracerebral inocu- 
lation of 200 mice with the original faecal suspension failed to demonstrate the 
infective agent. 

The primary tissue culture fluid was, therefore, inoculated intracerebrally 

into mice. Twenty mice were used 
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: Fig. 1. Paralysis-time graph for R980 strain 
¥ of type II poliovirus showing the results of 
‘ —* inoculation of infected tissue culture 

ui 


1, R 980 PI for each ten-fold dilution. Thirty- 
a five per cent. of mice receiving un- 

7 oA B c diluted tissue culture fluid became 
al paralysed within 14 days of intra- 


cerebral inoculation. The paralysis- 
time graph for this primary inocula- 
tion is recorded in Fig. 1 and shows 
the absence of PA (peak of early 
onset of paralysis). This same tissue 
culture fluid caused paralysis in a 
rhesus monkey (No. 104) following 
intracerebral inoculation. 
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Further passages were carried out in mice and in tissue culture with the 
object of ascertaining the effect of different methods of passage on the peaks 
in mice and paralysing capacity in monkeys. In tissue cultures of monkey 
kidney epithelial cells rapid serial passages were carried out using high concen- 
trations of virus. In mice, three types of intracerebral passage were performed, 
viz.: 

(1) brain to brain passage (referred to as RB). This was a rapid passage 
using the pooled brains of mice paralysed early after inoculation and at the 
highest concentration; 

(2) cord to brain passage (referred to as RC). This was a rapid passage using 
pooled cords of mice paralysed early after inoculation at the highest con- 
centration; 

(3) cord to brain passage (referred to as PCC). This was carried out with 
the pooled cords of a few mice at limiting dilutions and usually with mice 
becoming paralysed late after inoculation. 


At each passage titrations were carried out using 20 mice per dilution. 
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Three peaks were soon observed in each passage line. This is illustrated 
in Fig. 2 (in contrast to Fig. 1), which shows three paralysis-time graphs for 
the RC series passages 4, 8 and 10. The PA appears to increase with passage. 

Similarly, Fig. 3 shows the presence of PA during the third passage of the 
PCC series. It was noticed that in passages 3 and 4 of the PCC series, the 
PA mice at 10~? dilutions greatly exceeded the PA mice at 10—' dilutions, even 
though approximately the same number of mice became paralysed at each dilu- 
tion. This is illustrated in Fig. 4. 
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In the brain to brain (RB) series there was greater variability and fewer 
mice paralysed for the same concentration of C.N.S. tissue than for either of 
the cord series, although peaks were apparent at some passages. With RB 
series passage 10, only 10 out of 20 mice became paralysed at a 10-? dilution 
and 3 out of 20 at 10~—? dilution. At the 10~* dilution, however, the only effect 
observed was the sudden onset of kyphosis and restricted movement of the 
hind-limb of 10 out of 20 mice on the 7th day after inoculation. Passage of 
the brain and cords of these mice produced no symptoms on intracerebral 
inoculation of 120 mice. The same preparation, however, caused rapid de- 
generation of monkey kidney epithelial cells. This tissue culture fluid when 
inoculated into mice by the intracerebral route caused paralysis and evidence 
was obtained of the presence of 3 peaks as illustrated in Fig. 5. 

Cords from infected mice at passage 10 of the RC series (see Fig. 2) were 
ground to form a 10 p.c. suspension. This preparation was given intracerebrally 
to a monkey (M. irus No. 105), which became paralysed after 14 days. 


DISCUSSION. 


The object in commencing this study of the R980 strain was to compare 
the properties of naturally occurring strains of poliovirus from 
(1) the faeces of patients with paralysis; 
(2) the C.N.S. tissue of fatal cases; 
(8) the faeces of healthy individuals. 
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This communication has shown that, in virus newly isolated from faeces 
of a paralysed patient, peaks (especially PA) appear as the result of cord to 
brain passages in mice carried out either at limiting dilutions or rapidly at 
high concentrations. The inability to demonstrate PA virus particles in primary 
or passage 1 material suggests that these particles 


(1) may not be present in material of human origin; or 


(2) may be present, but in insufficient quantity to be demonstrated 
until after several passages in mice. 


In either case it is likely that they have little to do with paralysing capacity 
in humans. 


Although PA has appeared and increased in amount as a result of manipu- 
lation in mice, the one preparation tested still paralysed a monkey following 
intracerebral inoculation. The preparation contained both PA and PB virus 
particles. The view is now commonly held (Wenner and Kamitsuka, 1955) 
that some of the biological properties of type 2 strains are dependent on the 
nature and the number of passages received in a host. Some of the differences 
in paralysing capacity recorded by Wenner and Kamitsuka may well be asso- 
ciated with the development of peaks and with large or small virus particles. 


The variability of the peaks and ID; with the brain to brain passage may 
be due to the low concentration of infective material resulting from growth in 
an environment less favourable than the cord. However, one tissue culture 
passage of the material from the brain to brain series revealed the presence of 
three peaks. 


An observation of some interest is the demonstration (in Fig. 4) of PA 
at a cord dilution of 10-?, but not at 10-'. No satisfactory explanation of 
this phenomenon appears forthcoming to us although the possibility of inter- 
ference must be considered. 


SUMMARY. 


The appearance of peaks of onset of paralysis resulting from intracerebral 
passage (by different methods) in mice of a freshly isolated strain of type II 
poliovirus is described. PA, the peak of early onset of paralysis, could not be 
demonstrated in the original material but appeared only after several passages 
in mice. The strain paralysed monkeys (I.C. route) both prior to and after 
ten cord to brain passages in mice. 
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4. INACTIVATION BY HEAT, ULTRAVIOLET LIGHT AND 
FORMALDEHYDE 


by N. F. STANLEY,’ D. C. DORMAN,? JOAN PONSFORD and 
MAUREEN LARKIN. 


(From the Institute of Epidemiology and Preventive Medicine, the Prince 
Henry Hospital, Sydney). 


(Accepted for publication 27th April, 1956.) 


Following the demonstration of peaks of onset of paralysis and their 
possible association with infective particles of poliovirus of different size, it 
was decided to investigate the effect of various inactivating agents on these 
peaks. This seemed of immediate importance, as poliovirus treated with 
formaldehyde or ultraviolet light has already been used to immunize children. 

This communication describes the behaviour of a type II mouse-adapted 
variant of Poliovirus hominis when exposed to formaldehyde, ultraviolet light 
and heat. 


MATERIALS AND METHODS. 
Virus. 

The type II variant selected for this study was a MEF; strain that had received 95 
brain to brain passages in suckling mice followed by 6 cord to brain passages in 3-week-old 
mice. In paper 2 of this series it was referred to as the MEF, (Australia) variant, as op- 
posed to Selzer’s MEF; variant. This strain showed two peaks of onset of paralysis as 
illustrated in Fig. 2 of paper 2. The cords from the paralysed mice in this experiment were 
harvested and used for the preparation of stock suspensions. 

Tests for live virus. 

All samples were stored at — 60° C. until titrated. Tenfold dilutions of the test material 
were made in Hanks’s salt solution (HSS). Twenty mice were inoculated intracerebrally 
with 0:04 ml. of each dilution. Between 600 and 1,000 mice were used to carry out each 
inactivation experiment. 


EXPERIMENTAL. 


Heat. 


Preliminary tests carried out at 45° C., 50° C. and 56° C. indicated that a 
temperature of 50° C. was the most suitable for the type of experiment planned. 
Live virus could not be demonstrated after exposure to heat at 56° C. for five 
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minutes, while exposure at a temperature of 45° C. for forty minutes resulted 
in no demonstrable loss in infective titre. 

Thin-walled ampoules containing 1-5 ml. of test virus were submerged 
in an electrically-controlled water bath of large volume. Ampoules were re- 
moved at the following times: 2.5, 5, 10, 15, 20, 30, 40, 60, 80 and 120 minutes. 
Infectivity of all ampoules was estimated the following day by the I.C. inocula- 
tion of mice. The results are illustrated in Fig. 1. 


INACTIVATION OF THE MEF! STRAIN 
OF P. HOMINIS BY HEAT (so°c.) INACTIVATION OF MEF | STRAIN OF 


P_ HOMINIS BY ULTRA-VIOLET LIGHT 














40 5 i b&b 2 2 
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Fig. | Fig. 2 


Ultraviolet light. 


Twenty-five ml. of stock virus suspension was exposed in a 4-inch Petri 
dish placed 91 cm. from a Westinghouse-Rosebery ultraviolet Sterilamp (tube 
No. 782L-30). The Petri dish stood on a magnetic stirrer and the suspension 
was slowly stirred by the rotation of a small magnet throughout the experiment. 
Samples each of 2-0 ml. were removed at 5-minute intervals up to 30 minutes. 
In all, three experiments were performed. The results of the final experiment 
are shown in Fig. 2. 


Formaldehyde. 


Inactivation with 0-05 p.c. formalin was carried out in a water bath at 
87° C. Baker’s 37 p.c. formaldehyde was added to 10 ml. of stock virus sus- 
pension to give the desired concentration. A control flask without formaldehyde 
was maintained at 37° C. Two ml. portions were removed from each flask at 
%, 1, 2, 4 and 6-hour intervals. Ammonium phosphate, in a final concentration of 
0-01M, was used to neutralize the formaldehyde (Howe, 1952). The results 
are recorded in Fig. 3. The titre of infective virus in the control flask remained 
constant throughout the experiment. 
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Fore- and hind-limb paralysis. INACTIVATION OF MEF 1 STRAIN OF 


An examination of the paralysed mice re- B.HoMMIS BY FORMALIN (0-05%,) 
vealed that those which had received virus . 
treated with ultraviolet light or formalde- 
hyde were more often paralysed in the hind 
limbs than mice inoculated with untreated 
virus or virus subjected to heat. The per- 
centage of paralysed mice showing hind- 
limb paralysis was as follows: 


at 


a’ 


Control (untreated virus) . 6:8 p.c. 
Heat (50° C.) . 6-6 pe. 
Formaldehyde .. 19-0 p.e. 
Ultraviolet light 20-0 p.c. 








EXPOSURE TIME IN HOURS 
Fig. 3 
DISCUSSION. 


When our results with ultraviolet light inactivation are plotted to show 
the peaks of onset of paralysis with different dilutions at varying exposure times 
(see Fig. 4), it may be seen that the early peak (PA) is eliminated as the 
exposure time is increased. This suggests the possibility that PA virus particles 
may be more sensitive to inactivation by ultraviolet light than virus particles 
associated with other peaks. This was not demonstrated with heat or formal- 
dehyde where each of the peaks diminishes uniformly with increasing exposure. 

However, the graphs showing the rates of inactivation of the total virus 
population (Figs. 1, 2 and 3), are extremely interesting. A uniform rate of 
inactivation of the poliovirus suspension was observed (within the limits of 
the experiment) with ultraviolet light. This uniform rate was not demonstrated 
when virus was exposed to formaldehyde or heat, when a marked reduction in 
inactivation rate was consistently observed with increased exposure. This has 
been interpreted by some as evidence for the presence of resistant virus particles. 
For example, a similar departure from the straight line graph for heat inacti- 
vation of dry MEF, poliovirus was obtained by Kraft and Pollard (1954). 
These authors claim that their curve demonstrates the presence of a heat- 
resistant virus population. 

The inactivation curve obtained with ultraviolet light differs from that 
recorded by Fogh (1955), but is identical with that recorded by Dulbecco and 
Vogt (1955) for type I poliovirus. Fogh studied the effect of ultraviolet light 
on strains of the three types of poliovirus (Mahoney, MEF; and Saukett) and 
demonstrated that with type II the inactivation curve consistently showed a 
bend which suggested to him the presence of resistant virus particles. Fogh 
used tissue cultures of monkey kidney cells (plaque technique) for the de- 
monstration of infectivity. 

It was suggested by Bodian et al. (1955) that there are two explanations for 
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Fig. 4. 
tenfold dilutions at varying exposure times. 








monstrate the presence of live virus. 


E.T. = exposure time. 
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Figure shows the peaks at the different 


SUMMARY. 
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the demonstration of virus 
resistant to inactivation 
with formaldehyde — 
namely, either protection 
of some particles due to 
clumping, or the presence 
of inherently resistant virus 
particles. These authors 
claim that no evidence 
exists for the presence of 
particles inherently resis- 
tant to formaldehyde. 
However, experiments de- 
signed to investigate both 
these factors are now in 
progress, and data on the 
isolation of heat and for- 
maldehyde-resistant virus 
will be the subject of fur- 
ther communications. 


The inactivation of a suspension of type II poliovirus by heat, formalde- 
hyde or ultraviolet light was carried out using mouse inoculation tests to de- 


Plotting of the peak of onset of paralysis 


at varying exposure times to ultraviolet light revealed elimination of the early 


peak of onset of paralysis with increasing exposure time. 
demonstrable during inactivation with heat or formaldehyde. 


This effect was not 
The nature of 


the time-survival graph suggested the possibility that virus unusually resistant 


to the action of heat or formaldehyde was present. 


A uniform rate of inacti- 


vation was obtained with ultraviolet light within the limits of the test. 
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PHOTOELECTRIC DEVICE FOR THE RECORDING OF 
DIAMETER CHANGES OF BLOOD VESSELS IN SITU’ 
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Circulatory adjustments taking place under various conditions of life or 
under the influence of drugs have been a major subject of research for many 
years. The different methods used for these investigations are concerned with 
matters such as: (1) rate of blood flow through organs (Thermo-stromuhr or 
other flow meters, outflow recorders, “Thermo-sonde”; (2) volume changes of 
organs (plethysmographs of various designs); (3) blood pressure changes, 
mainly in systemic arteries but also in other vessels or in heart cavities; (4) 
cardiac output; (5) microscopic observations on small vessels (possible only in 
certain tissues and locations); (6) perfusion of vessels in situ, i.e. vessels still 
possessing their nerve supply, e.g. carotid sinus, sections of veins, or perfusion 
of whole organs. 

With these techniques, particularly when applied in suitable combination, 
a vast amount of information concerning cardio-vascular regulation has been 
collected. Numerous neurological and chemical mechanisms operating during 
circulatory adjustments have been demonstrated. Whilst knowledge in this 
field has thus advanced considerably, there remain problems which either have 
not received sufficient attention, or have scarcely been dealt with by direct 
approach. 

One of these problems is: in what way and to what extent do the individual 
types of vessels actually participate in vascular adjustments. It is clear that 
variations of the blood flow through an organ or corresponding volume changes 
of this organ, however accurately recorded, represent the net result of all the 
simultaneous adjustments occurring partly within the individual vessels of the 
organ under observation, partly also in remote organs. There seems to be a 
tendency to attribute blood flow changes to reactions of the arterioles. Al- 
though this is justified to some extent it can reasonably be assumed that there 
are also concomitant active changes in the bigger vessels. Such changes may 
be expected to be centrally controlled, involving also local vascular reflexes, 





1 This work was carried out with the aid of a grant from the National Health and 
Medical Research Council. 
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possibly arising from some afferent stimulation in the organs themselves. With 
regard to this problem the evidence provided by the methods enumerated above 
is essentially of an indirect nature. 

For a systematic analysis of this problem new methods are needed. Such 
methods must fulfil the following requirements: (1) they must provide direct 
information of the reactions, i.e. constriction or dilation, of individual vessels; 
(2) they must not interfere to any degree with the nerve supply, efferent or 
afferent, of the vessels under observation; (3) they must operate in such a 
way that passive changes due to blood pressure variations can either be com- 
pletely eliminated or their effect on the vessels be correctly assessed. 

In the present paper a method will be described which satisfies the first 
two requirements. How the third requirement can be realised will be the 
subject of a further communication. 


GENERAL DESCRIPTION OF THE METHOD. 


Reactions of blood vessels are indicated by variations of their diameters. 
Thus, the recording of diameter changes appears to be the proper way of 
studying active vascular adjustment. 

By the diameter of a vessel is meant either the internal diameter, which 
is identical with the diameter of the blood column at the point of observation, 
or the external diameter, which is not equally well defined, owing to the con- 
nective tissue adhering to and fusing with the external sheet. 

The diameter of arteries shows, of course, rhythmic variations resulting 
from the pulsatory and respiratory blood pressure changes. A systolic and 
diastolic diameter may be distinguished. What matters here, however, is the 
base line of the pulsatory diameter changes. 

Microscopical observations on the smallest vessels in situ have often been 
made, the findings so obtained again being subject to doubts as to the possi- 
bility of passive effects. 

The present paper is not concerned with microscopic vessels but with 
larger vessels having diameters, relative to the size of the animals, of at least 
% mm. (e.g. femoral, subclavian artery). 

Some techniques applicable to medium sized vessels have been developed 
in the past mainly for recording of the pulse in situ, in order to clarify pro- 
blems connected with this phenomenon. Thus, Hirschmann (1894) made use 
of an elaborate directly-recording sphygmograph which could be calibrated. 
Other authors applied plethysmographic devices for the same purpose (Fleisch, 
1920; Hiirthle, 1923). 

To Schretzenmayr (1932a, b; 1934a,b; 1935) must go the credit of having 
first undertaken some comprehensive experimental study of the reactions of 
larger vessels during circulatory adjustments. He also applied a plethysmo- 
graph very similar to that of Hiirthle; his instruments are described as arterial 
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and venous oncometers. Like Hiirthle’s instrument, they enclosed sections of 
arteries 10 to 30 mm. in length, but the author claims that the smaller onco- 
meters can be so applied that the nerve supply of the vessels is left unharmed. 
The recording was first mechanical, later optical. Some claims as to the value 
and significance of such oncometer tracings have been criticised by Rein (1934). 

Schretzenmayr’s work, unfortunately not given the attention it deserves, 
must be regarded as an important investigation along the lines pursued in the 
present research project. Although leading to valuable observations, his work, 
however, falls short of the requirements stated above because: (1) the tech- 
nique does not sufficiently guarantee the integrity of the vessels under examina- 
tion; (2) inadequate measures have been taken to eliminate passive alterations 
in diameter. 

Kinmonth et al. (1952a,b) measured diameters of medium sized arteries 
of rabbits by visual observation (dissecting microscope with micrometer eye- 
piece at low magnification). Cleland and Tait (1927) tried to determine the 
diameter of the splenic vein of the cat with calipers directly in contact with 
the exposed vessel. Neither of these methods is adaptable for continuous 
recording. 

Finally, the X-ray technique for the study of vascular changes (Trueta 
et al., 1947) must be mentioned, but analysis of individual adjustments can be 
obtained only if this method is adapted to fulfil the required criteria. 

For the present work an oncometer similar to that of Schretzenmayr was 
used at first, but abandoned later for the reasons stated above. It was realised 


that diameter recording required a device whose operation can be restricted 
to a very short section of the vessel. 

The simplest instrument for this purpose seemed to be some sort of 
sphygmograph with a suitable form of transmission. A diameter recorder de- 
veloped on these lines has proved satisfactory for the experimental tasks within 
the scope of the present research project. Fig. 1 gives a sketch of an early 
and somewhat crude model; its working principle can be easily understood 

















Fig. 1. Sketch of an early model of the diameter recorder. A and B, replaceable attach- 
ments; L, aluminium lever; SE, screw operating an eccentric cam for raising the lever; Sp, 
coil spring; SS, screw for altering the tension of spring Sp; C, casing of instrument; P, photo- 
cell casing; M, mirror holder; G, globe; S, paper screen. 
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from the drawing. The following are some relevant points requiring expla- 
nation. 


1. No attempt has been made to incorporate an elastic system of elaborate design 
such as is used in some sphygmographs (Frank, Jaquet), making possible an accurate record 
of the pulse. As was pointed out before, it is the baseline upon which the rhythmic diameter 
changes are superimposed, which indicates the reactions of the arteries, i.e. constriction or 
dilatation. These reactions take place relatively slowly and can be studied with a system 
having considerable inertia. If the rhythmic changes could be eliminated from the record 
altogether, it would be of no disadvantage; as will be shown later this can be achieved 
to a considerable degree by the use of long period galvanometers. 

For lightness the lever is made of aluminium. The attachment A, which is in contact 
with the vessel, is interchangeable and consists of ivory. A steel coil spring (Sp) acting 
on a very short arm of the lever represents the elastic suspension. In experiments the 
tension of the spring is so adjusted (adjusting screw AS) that the rhythmic oscillations of 
the lever are as large as possible; the vessel then usually appears slightly compressed, 
although this may be so only in the diastolic phase of the oscillation. Even the pulse 
from the small femoral artery of rabbits can be well recorded. 

At the other end the lever carries a piece of black paper, S, screening off part of the 
luminous. field which functions as light source for the photocell. It is clear that any move- 
ment of the lever will alter the amount of light affecting the photocell. ‘This will be 
further considered below. 

2. The attachment B which is screwed on to the casing of the instrument provides 
a firm base on which the vessel rests. In their original form the two replaceable attach- 
ments had shallow grooves. It was found, however, that the vessels often tended to slide 
away unless the instrument was more or less in a horizontal position. For satisfactory 
work it was found necessary to have available several pairs of attachments with grooves 
of different size to allow for different vessel diameters. 

It was found more convenient to place the vessels between plane surfaces; in this 
way the same attachments could be used efficiently for vessels of widely different calibre. 
Two pins prevented the vessel from sliding away. A metal guard is provided to shield 
off neighbouring tissues. Fig. 2 shows these points in detail. 





Fig. 2. Some parts of the instrument in detail. (a) Attachment A with 
the pins and the metal guard; (b and c) showing the vessel between the 
attachments; (d) P, photocell; S, paper screen attached to lever; F, semi- 
transparent field to the left of L, light source. 


This instrument can be applied to blood vessels without much preliminary dissection. 
Consequently, there is less chance of the nerve plexus in the adventitia being damaged. 
Connective tissue still attached to the vessel does not interfere with the technique, the 
diameter recorded being in any case not accurately defined (see above) and being also 
affected by the slight compression of the vessel between the attachments. 
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The lever with attachment A can be raised by means of screw SE (Fig. 1) operating 
on an eccentric cam; this is done before a vessel is placed between the attachments or in 
order to release the vessel from the sphygmograph during an experiment. 

3. The arrangement of the photocell and the illuminating system can be seen in Fig. 2. 
The field, F, round or rectangular, is made of a suitable semi-transparent material (frosted 
glass, white paper or plastic). The model used for the present experiments had a circular 
field of about 1 cm. diameter. The illumination was by a 6 V. globe, changes in the 
illumination being effected by varying the resistance in the circuit. In the early model 
(Fig. 1) the distance between the globe and the illuminating field was altered, thus leaving 
the quality of light unchanged. In this model a mirror inclined 45° to the field was used 
in order to have the tube containing the globe parallel to the casing of the instrument. 
The former arrangement is simpler and preferable. 

The photo-electric cell used was a small type phototube by Continental Electric Co. 
(Co-25-C); the voltage between the electrodes was 90 V. The photo-electric current was 
directly recorded without amplification by means of sensitive galvanometers. This direct 
technique has some disadvantages, but with the means available was found on the whole 
very satisfactory. The system can be calibrated with a high degree of accuracy as will be 
shown later. 

One fundamental requisite for satisfactory working of this method is that the source 
of illumination of the photocell remains constant. Accumulators fully charged and of 
sufficient capacity will provide a constant current for the 6 V. globe in the instrument. 
In many experiments a constant voltage transformer was also used with advantage, varia- 
tions of the output voltage remaining under 2 p.c. with the usual variations in the power 
supply. 

The application of the photocell in physiological and medical technique is not new. 
Photo-electric transmission has been used, amongst other things, for studying the blood flow 
through the skin (photo-electric plethysmograph, Hertzman et al. 1938a; 1938b; 1940; 1945) 
or of the blood flow through the coronary vessels (“reflectometre photoelectrique”, De Waele 
and Van de Velde, 1948). It has also been used for the recording of arterial and venous 
blood pressure (Collatz and Weber, 1932; Baumann and Weber, 1932; Baumann, 1934; 
Heller and Lochner, 1952) and for the recording of the pulse (Hertzman, 1938c). 

4. The instrument described (Fig. 1) can easily be brought into any position required 
by the anatomical course of the vessel to be examined; it can, for example, be placed more 
or less vertically, so as to have access from above to vessels situated deeper in a body 
cavity. In most cases the instrument will be used in some oblique position. For universal 
mobility, a ball-jointed arm with clamp is advantageous. 

5. Several reflecting galvanometers were tested as to their suitability for direct 
recording of the photo-electric currents. In Table 1 the relevant data concerning these 
instruments are listed. The Tinsley galvanometer is the most sensitive one, the Ruhstrat 
SSG and the Kipp and Zonen A1 are about ten times less sensitive. When any of these 
three galvanometers was used the illumination of the photocell had to be reduced con- 
siderably. For larger vessels of rabbits or cats these three instruments were in general 
far too sensitive, giving unnecessarily magnified deflections, but for smaller vessels of 0-5 
mm. diameter or so (distal part of femoral artery), they can be used with advantage. The 
Moll micro-galvanometer A 23, roughly 80-100 times less sensitive than the Tinsley instru- 
ment, was used satisfactorily for most experiments referred to in this paper. The Ruhstrat 
moving loop galvanometer DSG was not quite sensitive enough. 

With regard to periodicity the Moll micro-galvanometer AI and the Ruhstrat SSG galvano- 
meter (natural frequencies: 2 resp. 5 per sec.) were found satisfactory for distinctly re- 
cording the rhythmic diameter changes. With the described inherent mechanical defects 
of the lever system an accurate record of the pulse was in any case ruled out. The Ruhstrat 
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moving loop galvanometer (frequency: 25/sec.), otherwise ideal for this task, showed 
some details of the pulse better, provided the paper speed was high. As stated, the re- 
cording of the pulse as such was in no way the object of the experiments. The Tinsley 
instrument, with its long period, hardly showed pulsatory oscillations in the tracings. 

The galvanometers were critically damped, the appropriate low inductance resistances 
(Table 1) being placed parallel. 


TABLE 1. 











Particulars of the galvanometers used. 
Current Critical 
Sensitivity Internal Damping 
Make Type amp Period Resistance Resistance 
mm/n sec. Ohm Ohm 
Kipp and Zonen| Moving coil 7°6x10-* 1-3 55 1-160 
Al 
Kipp and Zonen} Moll Micro 2-4 10-* 0-2 20 1-55 
A23 
Ruhstrat Moving coil 5x 10-* 0-6 1000 15000 
SSG 
Ruhstrat Moving loop 2x 10-7 0-04 1000 1500 
DSG 
Tinsley Moving coil 0-5x10-* 5 135 900 




















Arterial blood pressure was, as a rule, also recorded with a Jaquet glass plate manometer. 

_The optical set-up was simple; the vertical filaments of single filament globes were pro- 
jected against the mirrors of the recording instruments and focused on the horizontal slit of the 
optical single drum kymograph (Kipp and Zonen). The usual paper speed was 28 mm./min. 
which showed clearly the respiratory variations, but does not separate the pulsatory varia- 
tions. For some experiments a faster moving kymograph (Kipp and Zonen, endless paper) 
was used with a paper speed of 62 mm./min. Time was recorded in 10 sec. intervals by 
means of a disc with six equidistant slots revolving once per min. across a focused light 
beam. To mark any experimental step a globe placed opposite the kymograph was 
switched on for a moment tracing a black line across the photographic paper. 


EXPERIMENTAL. 


Before further consideration of some aspects of the method described it 
may be desirable to present first a few examples of records. The experiments 
in question refer to arteries of large and medium type (carotid, femoral, proxi- 
mal and distal part; subclavian). The same technique, with appropriate adjust- 
ments, can also be applied to veins, but the few records obtained from veins 
have not shown remarkable diameter changes. 

Most experiments were done on rabbits, some on cats, opossums and sheep. 
For obvious reasons the technique must be made considerably more sensitive 
when applied to the smaller animals. 

The sole object of the present experiments was to develop and to test the 
technique of diameter recording. The results as such, therefore, do not matter 








here. 








sensitive galvanometers. 
not require any comment. 
points should be made. 

It is immediately obvious that the sensitivity of the method is considerable, 
deflection amounting to several cm. being obtainable even from arteries as 
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Fig. 3. Systemic blood pressure 
(carotid artery) and diameter of the 
femoral artery of a rabbit after intra- 
venous adrenaline injection. Nem- 
butal anaesthesia. In all Figs. except 
Fig. 7 upper tracing, diameter; lower 
tracing, blood pressure. Time: 10 
sec. At a 20 y adrenaline. Diameter 
recorded with Ruhstrat galvanometer 
SSG. 


Figs. 3 and 4 give examples of typical diameter tracings recorded with 
The experiments are explained in the figures and do 
With regard to the technique itself the following 
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The procedure adopted was to apply vasoconstrictor and vasodilator 
drugs in order to produce a rise or a fall in the arterial blood pressure. In the 
arteries mentioned such pressure changes are accompanied by corresponding 
passive diameter changes, observed already by Schretzenmayr and Kinmonth. 
These diameter changes, however, may be more complicated than appears at 
first sight and have to be reinvestigated. 
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Fig. 4. Diameter of the carotid artery of 
a rabbit. Otherwise as in Fig. 3. At a 30 
adrenaline. Diameter recorded with Kipp a 
Zonen galvanometer A 1. 
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small as the femoral artery of small rabbits (Fig. 4). Minute diameter changes 
could, if necessary, be magnified up to 150 times. In many experiments mea- 
sures to reduce the sensitivity had to be taken in order to keep the deflections 
within moderate limits. Variations of the sensitivity are easy to effect either 
by adjusting the illumination of the photocell or by adjusting the galvanometer 
sensitivity. 

The pulse is seen clearly in the tracings in Figs. 3 and 4. With the long 
period Tinsley galvanometer the rhythmic oscillations can be reduced to a 
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Fig. 6. Diameter of the carotid artery of an 
opossum. At a 50 y adrenaline, from b to c 
inhalations of amyl nitrite.. Manometer cali- 
bration on the left; diameter calibration made 


Fig. 5. Diameter of the carotid artery of a about 8 min. before the experiment on the 
rabbit. At a 10 y of adrenaline. Otherwise as right. Otherwise as in Fig. 3. Diameter re- 
in Fig. 3. Diameter recorded with Tinsley corded with Kipp and Zonen galvanometer 
galvanometer. 


considerable degree, but not entirely eliminated from the tracings (Fig. 5). 
Even so, this instrument gives essentially a baseline lying somewhere between 
the maximum and minimum diameters. 


Fig. 6 shows a tracing from the carotid of an opossum recorded with Kipp 
and Zonen A 23 galvanometer; the large oscillatory amplitudes which can often 
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be obtained with appropriate adjustments may, in this case, have been due 
to circulatory conditions of the particular species. 

Finally, Fig. 7 gives an example of a tracing recorded at higher speed with 
the Ruhstrat SSG galvanometer (period 0-6 sec.) showing the separation of 
the individual oscillations in both blood pressure and diameter record. 

On account of these and many other experiments it can be said that the 
method developed for recording of vessel diameters is efficient and sensitive. 
It can be applied to blood vessel of diameters down to 0-5 mm. or so. The 
diameter changes are recorded in their general features, but the pulse cannot 
be recorded faithfully without appropriate modifications to the lever system 
and without using shortest period galvanometers. In most experiments, how- 
ever, the true shape of the pulse is of no interest. A technique of diameter 
recording which, as regards inertia factors, is comparable to the pressure 
recording by means of the Hg. manometer is quite satisfactory for studying the 
relatively slow reactions of the vessel wall. 

It remains to deal with the quantitative side of the recording technique. 


sycattiatttned! tag! tat! , 
igi wyttly rh hy ty teil 
He ’ s 
' 





O2e 1 Joced 


a 





Fig. 7. Record at greater speed. Diameter of the femoral artery of a 
rabbit. Paraldehyde anaesthesia. Tracing from the right to the left. 
Upper tracing, blood pressure; lower tracing, diameter. At a 20 y adrena- 
line. Diameter recorded with Ruhstrat galvanometer SSG. 
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CALIBRATION OF THE DIAMETER RECORDER. 


The calibration is made by placing between the attachments precision 
ground metal cylinders of known diameters and by recording the corresponding 
deflection. It is necessary, however, to know first whether the response of the 
photocell used is constant illumination of the intensity required in the experi- 
ments. 

To ensure constant illumination the voltage applied to the globe in the 
instrument must be constant. For the present experiment and all calibrations 
a constant voltage transformer whose output voltage did not vary by more 
than 1-2 p.c. was used. Continuous recording of the photocell deflection with 
a pin of 1-2 mm. diameter inserted between the attachments revealed several 
facts which have bearing on the calibration. 

The photocell tracing at constant illumi- 

nation is not a straight line, but showed 

| lem slight oscillations attributable partly to 
variations of the power supply, partly to 

c vibrations of the galvanometer which in 
spite of antivibration measures occurred at 
times. Fig. 8 gives an example of these 
oscillations which, amounting to not more 
2 than 1 mm., do not interfere with the cali- 
bration or the experimental results. 

The most important fact is that the re- 
sponse of the photocell does not remain 
constant, but tends to decline slowly. There 
is thus some drift which must be taken 
into account for the calibration. In order 
to determine this drift and its course two 
types of experiments were done: (a) the 
deflection for one and the same diameter 
(usually 1 or 2 mm.) was recorded for 
longer times; (b) calibration for most 
diameters (i.e. 0-75, 1-35, 1-5, 1-75, 2-0, 

“ee ae 2-25, 2-5 and 3-05 mm.) was repeated in 

i! Lbbbda ti L | 10-minute intervals counted either from the 
pi a Rios first or from the last calibration of a series 
to the first calibration of the next series; in 
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Fig. 8. Parts of continuous records 








of the photocell response to constant 
illumination. Kipp and Zonen gal- 
vanometer A23. 1 mm. inomted b> 
tween the attachments. Constant 
voltage transformer as source for the 
lobe. Each tracing recorded over 
the whole circumference, then the 
kymograph moved for recording of 
the next tracing. a, b c, successive 
records. 


the times between the calibrations the cell 
remained illuminated with 1 or 2 mm. in- 
serted. Before the first calibration the 
photocell was always illuminated for % 
hour in order to stabilize the system. 

It took about 14-2 minutes to record on 
a stationary drum the deflections due to 
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Fig. 9. Drift of the photocell response. Calibrations made in intervals 
of 10 mins. Kipp and Zonen galvanometer A23. Between the calibra- 
tions the photocell remained exposed to illumination with 1 mm. inserted 
between the attachments of the instrument. The drift appears linear. 





these diameters. The light marksy 
were short, vertical lines about 1 mm. 
long recorded one above the other. 
The set-up of the lever and the photo- 
cell was such that the movement of Ge 
the lever with increasing diameter 
screened off more and more of the 
luminous field. The maximum illu- 
mination of the photocell existed with 
the smallest diameter. Hence in- 
crease of the deflection means re- 
duced illumination or reduced photo- 
electric current and vice versa. The 
zero position was set carefully at the 
beginning of the experiments. 

Fig. 9 shows in a graph the results ie 


of a series of calibrations over a Fig. 10. Calibration curve of the photocell. 

period of more than one hour. The Kipp and Zonen galvanometer A 23. In com- 

deflecti -s paring the vertical separation of the calibra- 
elections were measured [rom 4 tion points with a 10 mm. line it is obvious 

baseline to either the lower end of that nae differences of less than 0-1 mm. 

the light marks or to the middle of “" ““ aera 

them. It can be seen that the deflections increase in time, i.e. the photo-electric 


currents for the same illuminations decline. The drift is slightly greater for the 
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period of illumination. 











Fig. 11. Diameter of the carotid artery ~ 
of a rabbit. At a 20 y adrenaline, from | 
b to c inhalation of amyl nitrite. Otherwise 
as in Fig. 3. Diameter recorded with Kipp | 
and Zonen galvanometer A 23. Calibration | 
lines connecting corresponding points of | 
two calibrations done before and after the | 
experiment in 15-min. interval. 
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smaller diameters (= higher degrees of illumination). It is of importance that 
this drift takes place in a very regular way, approximating a straight line. 


The cause of this phenomenon is in all probability fatigue of the photo- 
cell used; this is suggested also by the fact that the phenomenon appeared 
to be less pronounced for the larger diameters for which the illumination of 
the photocell was less (see above). It is unlikely that the light emitted by 
the globe should have declined with the voltage remaining constant. The 
temperature of the globe must have reached a constant level during the initial 


It may be pointed out that the 
photocell responses to the various 
diameters do not follow a straight 
line, but a slightly curved line as 
Fig. 10 shows. The nonlinear 
course of the calibration curve is 
due to the fact that the illuminated 
field which functions as the imme- 
diate source of light for the photo- 
cell was in the present experiments 
circular. In this case the sections 
of the field which are screened off 
or exposed by equal angular move- 
ments of the lever are not the same 
for the whole range. A field with 
parallel slides curved around the 
rotation fulcrum of the lever would 
give a linear calibration line. 


On account of the drift of the 
photo-electric current it becomes 
necessary to repeat the calibration 
at suitable intervals during an ex- 
periment. By drawing: straight 
lines through corresponding points, 
the course of this drift and thus the 
true position of the calibration 
points for any movement can be 
obiained. This procedure is justi- 
fied since numerous experiments 
have shown that this drift is linear. 


It was found satisfactory to calibrate in intervals of 15 to 25 minutes, the photo- 
cell first having been illuminated for about % hour. Ample time is available for 
experimental procedure between two successive calibrations, 
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Fig. 11 shows how calibrations according to these principles can be applied 

to the whole length of the experiment. To obtain the correct value lying 

between these calibration lines it is necessary to apply the calibration curve. 


DISCUSSION. 


With the above method the external diameter of blood vessels can be 
recorded. Since for reasons stated, the external diameter is not clearly defined 
—apart from some compression the vessels may suffer through the instrument 
itself—not much importance can be attached to the absolute values of these 
diameters. On the other hand, the diameter changes which indicate the reac- 
tions of the vessel wall are obtained with an accuracy of +0-02 mm. The 
method does not distinguish, however, active and passive diameter changes; 
hence the interpretation of the results will always be doubtful to some degree; 
this equally applies to any method of diameter recording. In the experiments 
presented the diameter changes are essentially passive. There are, however, 
ways of eliminating passive changes, but this is not the subject of this paper. 
It may be pointed out again that the instrument described can be used with 
the least amount of damage to the nerve supply of the blood vessel; it goes 
without saying that only a method which does not require the exposure of a 
blood vessel would completely avoid any damage. 

The technique is capable of being further developed and modified so as to 
apply equally well to veins and arteries, but it is quite unsuitable for very 
small animals since it can in its present form be used only for vessels with 
diameter of more than about 0-5 mm. 

The results of research carried out with this method will be reported later. 


SUMMARY. 


A technique for recording of diameter changes of exposed blood vessels 
is described. Examples of typical diameter records of arteries are presented. 

It is explained why such a method is desirable for elucidation of the 
active reactions of individual blood vessels during circulatory adjustments. 


Acknowledgment. The experimental work has been carried out with assistance, at dif- 
ferent times, of Mr. K. D. Johnson, Mr. J. March, Mr. K. Blackmore, Miss B. Dennis, and 
Miss J. Kennedy. The models used were made by Mr. R. Clarke. 


REFERENCES. 


Baumann, H. (1935): Klin Wochenschr., 14, p. 306. 
Cleland, J. G. P., and Tait, J. (1927): Quart. J. exp. Physiol., 17, p. 179. 
Collatz, B., and Weber, A. (1932): Miinchener med. Wochenschr., 79, p. 880. 
De Waele, H., and Van de Velde, J. (1948): Arch. intern. Physiol., 54, p. 408. 
Fleisch, A. (1920): Pfluger’s Arch., 180, p. 138. 
Heller, L., and Lochner, W. (1952): Ibid., 255, p. 228. 





$14 F. LIPPAY 


Hertzman, A. B. (1938a): Proc. Soc. exp. Biol. Med., 38, p. 562. 
Hertzman, A. B. (1938b): Amer. J. Physiol., 124, p. 328. 

Hertzman, A. B. (1938c): J. clin. Med., 24, p. 411. 

Hertzman, A. B., and Dillon, J. B. (1940): Amer. Heart. J., 20, p. 750. 
Hertzman, A. B., Randall, W. C., and Jochim, K. E. (1945): Amer. J. Physiol., 145, p. 716. 
Hirschmann, E. (1894): Pfluger’s Arch., 56, p. 389. 

Hiirthle, K. (1923): Ibid., 200, p. 49. 

Kinmonth, J. B., Simeone, F. A., and Perlow, V. (1949): Surgery 26, p. 452. 
Kinmonth, J. B. (1952): Brit. Med. J., 1, p. 59. 

Kinmonth, J. B., and Simeone, F. A. (1952): Brit. J. Surg., 39, p. 333. 
Schretzenmayr, A. (1932): Arch. exp. Pathol. Pharm., 164, p. 383. 
Schretzenmayr, A. (1934a): Ibid., 175, p. 284. 

Schretzenmayr, A. (1934b): Ibid., 176, p. 160. 

Schretzenmayr, A. (1935a): Ibid., 177, p. 590. 

Schretzenmayr, A. (1935b): Ibid., 178, p. 731. 

Rein, H. (1934): Ibid., 174, p. 7. 

Trueta, J., et al. (1947): Studies of the renal Circulation, Oxford. 








